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PREFACE .

WA

) The Fleclromagnetic Compatibility Analysis Center (KECAC) is a Department
of Defense facility, established to provide advice and assistance on
electromagnetic compatibility matters to the Secretary of Defense, the Joint '
Chiefs of staff, the military departments, and other DoD components. The
Center, located at North Severn, Annapolis, Maryland 21402, is under policy
control of the Assistant Secretary of Defense for Communication, Command,
Control, and Intelligence and the Chairman, Joint Chiefs of Staff, or their’
designees, who jointly provide policy gquidance, assign projects, and :2stablish
priorities. ECAC functions under the executive direction of the Secretary of
the Air Force, and the management and technical direction of the Center are
provided by military and civil service personnel. The technical support N
‘function is provided through an Air Force sponsored contract with the IIT
Research Iustitute (IITRI).
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Service of the Federal Avia.ion Administration in accordance with Interagency
Agreement DOT-FA70WA1-175, as part of AF Project 649E under Oontract F-19628-
80-C-0042, by the staff of the IIT Research Institute: at the Department of
Defense Electromagnetic Compatibility Analysis Center.
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To the extent possihle, all abbreviations and symbols used in this néﬁort
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SECTION 1
INTRODUCTION

1.1 BACKGROUND

‘puring the past several years, the Electromagnetic Compatibility Analysis

[}

Center (ECAC) has supported the Federal Aviation Administration (FAA) by
predicting the effects of various airborne Collision Avoidance Systems (CAS)
on the existing FAA Air Traffic Control Radar Beacon System (ATCRBS) and the

1,2

planned Mode S system. In FY-81, ECAC investigated the effects of an
omnidirectional version of the Traffic Alert and Collision Avoidance System ]
(TCAS) on ATCRBS and Mode S system performance in a hypothetical Los Angeles

Basin air traffic deployment and in subsets of that deployment.3'4 For those

air traffic deployments, it was predicted that TCAS activity would not degrade
ATCRBS or Mode S ATC system- performance; however, interference-limiting ?
constraints resulted in undesired reductions in the protection volume of TCAS- '

equipped aircraft that were operating in densely populated airspace.

To maximize the protection area for TCAS-equipped aircraft operating in
future high-density environments, the FAA proposed a new TCAS design. This
design includes a directional, scanning antenna, improved Mode S tracking

-algorithms, a modified whisper-shout sequence (to maintain surveillance of e

1Theberge, Norman, The Impact of a Proposed Active BCAS on ATCRBS Performance
in the Washington, DC, 19871 Env1ronment, FAA-RD-177-140, FAA, Washington,
DC, September 1977, ADA 048589,

2Gé’ttiér, C. et al.; Analysis of Elements of Three Airborne Beacon Based
Collision Avoidance Systems, FAA-RD-79-123, FAA, Washington, DC, May 1979,
ADA 082026. ) :

3Hi1denberger, Mark, User's Manual for the Los Angeles Basin Standard Traffic
Model Card Déck/Character Tape Version, FAA-RD-73-89, FAA, Washington, DC,
May 1973, ADA 768846,

4Patrick, G. and Keech, T., Impact of an Omnidirectional Traffic Alert and
Coliision Avoidance System on the Air Traffic Control Radar Beacon System and
the Discrete Address Beacon System, FAA/RD-281/106, FAA, Washington, DC, E
November 1981, ADA 116170. :

QLIS LRINEIR IE) R R
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%§ ATCRBS-equipped aircraf%), and aqsoctated revisions to the interference
vy, limiting algorlthm.5 The design was choqen to reduce the extent of
3%» interference limiting and thus allow 'TCAS-equipped aircraft to successfully
:. ) perform the collision avoidance function in even the most congested airspace
ﬁﬁ' and- also to reduce the potential for interference with ground-based ATC ;
gv: systems. i ]
i ;
§5 Three-versiqns of TCAS have been proposed: Enhanced- TCAS II, Minimum ’
&% TCAS II (TCAS II M), and. TCAS I. Enhanced TCAS is still in the design phase,
ﬁg and és such, is not addressed in this study., TCAS II M is capable of
ﬁ% omnidirectional Mode S surveillance and limited directional ATCRBS
%%x surveillance. TCAS II M—equipped aircraft track nearby ATCRBS transponder-
N equipped aircraft by periodically eliciting replies using,an ATCRBS-only
%Qi interrogation format; nearby Mode § t;ansgqgger:gguipped‘aircrgft are tracked f
5& . Aby:gEriodicaily eliciting replies using a- Mode S interrogation format. The
:? TCAS II M is designed for use in commercial aircraft. TCAS I, a. less ;
%& expensive version of TCAS, locates nearby aircraft, both ATCRBS= and ‘
Mode: S-equipped, by periodically eliciting replies- using an ATCRBS
interrogation format. The TCAS I is designed for use in general aviation
aircraft. 7 ’
:éﬁ : o investigate the effects of TCAS I ana TCAS II M operations on ATCRBS
3&% , and Mode S ATC performance, ECAQ was requested to perform a simulation
3&; analysis, similar to the FY-81 TLos Angeles Basin study. This analysis was
gﬁ; performed using the TCAS Signal Environment Model (SEM).6 This model is used
&é to predict the time-average rates at which TCAS signals are received at ATC 1
1" transponders in a given-deployment. These rates are then used in the }
)
i
};} ~ SRadio Technical Commission for -Aeronautics, Minimum Operational Performance
%‘} SFandards,(MQPS) for Trgffic Alert‘an§ Coll;sion Avoidaqée Syétem‘(TCAS)
.3: ) Al;?qrne Equipment, RTCA/DO-185, Washington, DC, Sep%emher 1983,
%&# 6Patrick, G. et al., The Impact Of a Traffic Alert and Collision Avoidance
1 System on the Air Traffic Control Radar Beacon System and Mode S System in-
ﬁf! ’ theiLos Aﬁgeles Basin, DOT/FAA/PM-84/30, FAA, Washington, DC, May 1985.
b
o -
§%§ | 1-2
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DABS/ATCRBS/AIMS? Performance Prediction Model (PPM)7 to-merge the TCAS signal

environment with signals due to ground-based ATC systems. The

VNI TS I

DABS/ATCRBS/AIMS PPM then predicts the performance of a selected interrogator- ]

g

of-interest in the composite ATC and TCAS sigral environment.

RENE

This document describes the TCAS SEM. Included are descriptions of the
‘modeled. systems, the data-storage and retrieval subsystems for engineering ?
data, and the software structures of all c..g-vwent subsystems., The results of |
the FY83/84 TCAS SEM simulation exercise using Los Angeles Basin air traffic

deployments are presented in the document cited in Reference 6.

1.2 OBJECTIVE

The objective of this effort was to document the TCAS Signal Environment
Model. (SEM) that was developed to predict time-averaged- TCAS I and TCAS II M

-8ignal rates in a given air traffic deployment.

RN )

123 APPROACH

1.3.1 Design Rationale

The TCAS SEM was developed to he used- in conjunction with the
DABS/ATCRBS/AIMS PPM: to predict the performance of ATCRBS .and Mode S ATC

systems in an environment including both TCAS and ATC system surveillance

activity. The TCAS SEM simulates TCAS surveillance operation and predicts the
time-averaged rates -at which TCAS signals. .are received at all environmental
ATC transponders. These rates are then accessed by the DABS/ATCRBS/AIMS PPM
during a simulation exercise, and merged statistically, using Monte Carlo

techniques, with the deterministically produced signal environment associated

8rhe Discrete Address Beacon Systém (DABS) was renamed Mode § after the é
completion of the DABS/ATCRBS/AIMS PPM, )

1Crawford, C.. R. and ®hler, C., 'W;, The DABS/ATCRBS/AIMS Performance Prediction
‘Model, FAA-RD-~79-88, FAA, Washington, DC, November 1979, ADA 089440. )

1-3

LS S S W U SN N T Py

e

B 1) 0
*gf {'§ 5:0“:!:‘“'2;'

‘1\:}17‘.%2:‘1’:“.}}{}'& "}“}‘5&}.&" T .'1:': *.K;{E !Q"} -?C"')r\ 3’ ?}'ﬂ%}*



eV R R AN E -uruwmvunvmwmmrmmmmmmmmmmm

DOT/FAR/PM-85/22 ) section 1

with ground-based ATC and surveillance opérations. The DABS/ATCRBS/AIMS- PPM
‘then predicts the performance of a user-selected interrogator-of-interest (1)

in the composite ATC and TCAS signal environment,

This method of statistically merging the TCAS signal environment with the .
ATC environment is permissible since the time variations in TCAS signal J
activity are relatively small in comparisoh to variations in -ground-based ATC
signal activity. Specifically, ground-based ATC systems employ highly 5
directional scanning antennas; consequently, there are periods when an g
aircraft is not within- the mainbeam 6f a single interrogator, and periods when
‘the same aircraft is simultaneously with the mainbeams of several
interrogators. This phenomenon leads to large scan-to-scan 5ignal rate

variations.

Thé TCAS I and TCAS II M do not produce large time variations in signal
.activity. The proposed low power, active TCAS I transmits one ATCRBS

“interrdgation/sequence per second on an omnidirectional an,tenna{8

T6 simplify
the analysis, TCAS I is modeléd in the TCAS SEM as transmitting one
interrogation per second. TCAS II M transmits the ATCRBS interrogation
Sequence once per second on a-wide-beam (BW < 130°) antenna which is
-electronically steered to four positions (forward, left-side, right-side, and
éft). TCAS II M transmixts Mode S interrogations on an omnidirectional
-antenna. The Mode S interrogation rate transmitted by a given TCAS II
M-equipped aircraft is a function of the number of Mode S-equipped aircraft
-within approximately thirty nauitical miles. Since the changes in air-traffic
density throughdut the LA Basin deployment have been shown to be negligible
during the 10-scan (46 seconds) DABS/ATCRBS/AIMS simulation, TCAS rates are ™3
?elatively constant. In view of these considerations, the .compatibility of
TCAS I and TCAS II M with ATCRBS and Mode S can logically be analyzed using

this statistical approach.

:erlch,zJ. D. and Harman, W. H.,, Improved TCAS I for Pilot Warning Indication,
AIAA/IEEE 6th Digital Avionics System Conference, December 1984, pp. 593-596.

1-4
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1.3+2 Simulation Execution

The execution sequence for the two models is illustrated in Figure 1-1.
The user first executes a 10-scan DABS/ATCRBS/AIMS PPM simulation to estimate
the time-avevrage rates at which ATC interrogations and suppressions arrive at
each aircraft within a given deployment. These rates are then used within the
TCAS SEM to estimate the mean reply efficiency and reply rate of each
transponder. Thé TCAS SEM uses the transponder reply efficiency and reply

rate to estimate TCAS II M Mode S surveillance activity. This is accomplished

as follows. The TCAS II M surveillance protocol requires that a TCAS II M-

equipped aircraft elicit a decodable Mode S reply once per second from all

other Mode S-equipped aircraft within approximately 7 nmi, and at a rate which

-decreases monotonically with range for aircraft beyond 7 nmi. fThe efficiency

with which a TCAS II M elicits decodable replies is related to the local fruit
rate, which is a function of the local air traffic density and the local
transponder reply rate. The number of interrogations required by a given- TCAS
II M to elicit a decodable reply therefore increases with increases in the

local fruit rate.

This background signal environment must therefore be specified in order

to accurately predict TCAS II M Mode S surveillance rates. With these input

Jparameters, the TCAS SEM is exercised to simulate two minutes of real time? to-

predict the time-averaged rates at which TCAS I and TCAS II M signals arrive
at each transponder. The DABS/ATCRBS/AIMS PPM uses these TCAS signal rates as
a basis with which to merge TCAS signals with those due to ground-based ATC

systems.

1.3.3 Report Organization

The remainder of this report is divided into two sections and three
appendixes. The modeled TCAS and ATC transponder systems are discussed in

Section 2. Section 3 contains a tree diagram of the program control flow

8This is a sufficient time to allow any model-induced transients to decay.
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and datatled descriptions in Program bDesign Language (PDL) of each subroutine

in the model. The PDL replaces the flow=chart method of documenting software

ond yives a more detailed and accurale description of the code. A PDL was
written for the driver and each subroutine in the TCAS SEM, and each includes E
the following elements: Purpose, Inputs, Procedure, Outputs, Variables- of

Interest, and Process. The first four elements of the PDL contain general

i 4 e B s

information about the program segment: its function, its inputs, the

procedure by which it achieves its function, and its outputs. The last two

e

elements contain specific information about the code and were provided to ease

EENRA)

understanding and modification of the code by the programmer. Specifically
included are a definition of the variables used in the program segment and

pseudo~code that explains the coded listing in a nearly line-by-line fashion.

APPENDIX A contains a data dictionary containing all the common variables
in the model. APPENDIX B lists a fully commented ASCII FORTRAN version of the-
model, and APPENDIX C illustrates the procedure for executing the model and: a.

sample of its output.
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SECTPION 2
MORELED SYSTEMS

2.1 INTRODUCTION

'h

This section contains a brief description of the technical
characteristics and surveillance procedures, as modeled, of TCAS I and
TCAS II M. This is followed by a description of tﬁe modeled. ATC transponder

systems.

2.2 TCAS OPERATIONS- ‘AND- TECHNICAL: CHARACTERISTICS

20 20‘1‘ TCAS II ’M:

TCAS II M is an airborne system that is designed tOvﬁsgfekiéting—ATCRBS
and Mode S signal foiﬁéts—tg perform the collisionfavéidaﬁggzfuhggion.
TCAS II M tracks ATCRBS-equipped aircraft in i;srvicinity ﬁ%@ the whisper-
- shout power managemént technique. Nearby Mode S~gquippéd?ai;§fgft are tracKed
) via discrete Mode Sftténsactions. The ATCRBS whispéf;shogt surveillance
sequence is transmitted -once per second. The Mode?s trans@g;ipn—update
frequency is telqteditbithe position of the M&éq S’eggip?éﬂzqi:craft relative
to the position of thée TCAS II M. Mode 3 and ATCRBS éurvéfilénqe procedures
are discussed in detail below. TCAS II M characterisficSr@rgugiven in

TABLE 2-1.

2.2.1.1 Mode S Surveillance Process. Initially, eacthodé S aircraft is

. assumed to be ih thé'nuli state. Upon detection of a squitter, the aircraft
is placed in the squitter state. If a second squitter is received within
16 seconds of the first, the aircraft is placed in the acquisition state,
unless the altitude separation is greater than 9000 feet, in which case the
intruder aircraft remains in the squitter sﬁate. A target;aircraft is purged
from squitter processing if a second squittér reply is not received within
16 seconds of the first reply. These replies may be either replies elicited

by another TCAS II M-equipped aircraft or unelicited replies.

2-1
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'TABLE 2-1
TCAS LI M -CHARACTER [S'PICS

1 Charcteristic ~ Mode S h ATCRBS

7>77 7 o Mean | 'Standard Deviation | Mean Standard Deviation |

_Peak Radiated Power® | 54 dmm |- 0.5 | 49 aem 0.5 g

| sénsitivity? ] =77 am | 0.75 ~74 dBn | 0.75 ‘
Antenna Type® " Omnidirectional Directional (130°)°

Apransmitter power and sensitivities were assigned using a normal
-distribution.

: QQ; sum-difference crossover points.
While the aircraft is in the acquisition state, TCAS II M interrogates to
—&étermine if tﬁe»aircraft shouldibg,placed in the roll-call or dormancy
state. The numbet of interrogatiohs,transmitted'during acquisition is a
'ﬁunction of the TCAS II M ability to receive and- correlate replies from the
intxuder Mode S -aircraft. There are four acquisition trials, -each consisting
of six one-second scans. TABLE 2-2 shows the -maximum number of failed
interrogations aiibwed during each. of the four trials. For example, during
tﬁéffirst scan -of the first trial, TCAS II M may transmit as many as four

interrogations (one successful, three unsuccessful).

If two correlating replies are received during any trial sequence, the

intruder aircraft is placed either in the dormancy state or in the roll-call

state. The aircraft is placed in the dormancy state if TCAS II M estimates
the "Time to Endanger" (TE = range/maximum closure rate) to be greater than

43 seconds; otherwise, the intruder is placed in the roll-call state.

If no replies are received during any one of the trials, the intruder

aircraft is returned to the squitter state tor a period not to exceed 40

QLge, J., Data Package for TCAS-II Autenna, R~3761-10266, Dalmo Victor
‘Company, 29 March 1982, (Proprietary Data).

2~2
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TARGLE 3=

MAXIMUM NOUMBER -Of FALLED INFERROGATIONS ALLOWED DURING
WACH. SCAN OF 'IHE ACQUTS LU LON: 'PRIALS

‘ .Acquisition:TriaL
: - Scan : 1L 2 L o3 | o a
* 1 3 2 1 1
2 3 2 1 0
3 3 2 1 0
4 0 0 0 0
5 : 0 o0 o 0
6 0- 0 0 0

seconds. “Upon the return of intruder aircraft tdzsquitﬁér state, a running
sum, initialized at 0, is maintained. The Sum is decremented: by one for each
succeeding scan that a squitter is not recefved and is incremented- by an
amount as shown in TABLE 2-3 for each :scan. that a Squitter is received. The
intruder is purged from the squitter state and placed into the null state when

the value -of the running sum becomes less than or equal to -40. It is

4 g Gl b Ll (31 Lh  g gg b

‘transferred to the acquisition .state- whenever the running sum exceeds 0 unless

the altitude separation is greater than 9000. feet.

St | Lan (L1 it gL iy

. TABLE 2-3:
INCREMENTS BY SCAN .'If)aSQUITTER SUM FOR: -CLEAR 2
RECEPTION OF SQUITTER :
Scan 0 1 2 3 4 (or more) g
Increment 20 16 8 4 2 ‘ ?
Aircraft assigned to the dormancy state are not interrogated. The g
aircraft remains in the dormancy state for a period of time equal to TE minus %
40 seconds. After this time, the aircraft is placed in the squitter state. §

A R R TRy
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h: If the aircraft is assigned to the roll-call state (i.e., the TE is less

;%j thdn 43 secéndsl, TCAS. II M interrogates the intruder each second to updéte 3

%:i its track record. TABLE 2-4 showy the maximum number of interrogations |

] permitted to elicit a decodahle reply during each one-second -scan. This is )

f;; referred to as the ten-second roll-call sequence. If the entire ten-scan r
‘ sequence elapses with-no valid reply, interrogations to the intruder aircraft E

ia_ are terminated, and theé aircraft is returned to the squitter state.

i :

i) TABLE 2-4

MAXIMUM INTERROGATIONS ALLOWED DURING EACH ROLL-CALL SCAN

TO ELICIT A DECODABLE REPLY j
Maximum Number

‘Scan of Interrogations- ;

¥ 5 i

2 4 ]

3 3 :

4 2

N 5 2 :

i 6 2 :

- T 2 §

Yyt 8 2 E

il 9 2 ;

] 10 2 E

%,5 2.2.1.2 Whisper-=shout ATCRBS surveillance. The current TCAS. II M design :
o — —

)

i' employs a four-beam directiondl antenna on top of the aircraft and an 1

) o i

é% omnidirectional antenna on the bottom of the aircraft. Each TCAS II M- ‘ k

;Kﬁi equipped aircraft tracks. ATCRBS-equipped aircraft via the whisper-shout power f

management technique shown- in Figure 2-1.

This technique uses- directional interrogations from -each of the four

) s

gﬁ, beams of the top antenna. The interrogation sequence starts with a lower ¥

. ) o , ) o _ E

;@- power interrogation level (26 dBm) and proceeds to higher power interrogation :
3 ' E

ﬁ{ levels in 1-dB increments. A total of 83 whisper-shout interrogations are °

4 : s o etas . i

) transmitted each second unless interference limiting adjustments are Z

‘? required. Interrogations are eliminated from the sequence in the order shown -

!‘1 = . ’

i

e

1" -] E4

¥ % 2-4 =

1.5 b

a2

N,
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- TOTAL RADIATED
INTERROGATION POWER
(dBm)

INTERFERENCE
LIMITING.
PRIORITY

bl |

TOP
ANTENNA

el
e

s..I - 1} 49 1- .
S.I 48 5 :
47 9
S.I 1 46 13
s..I 45 17
s.I 44 21 :
w S..1 ’ 43 25 3
S.I 42 29 :

S..I ‘ - 41 33

S.I 1 40 37

S..TI . 39 41

S.I ) 38 45
S..I 37 49
S.I b 36 53
S..T 35 57
’ 34 61
S..I o 5 33 64
S.I . - 32 67
4 31 .70 ; 4

S.I . 30 73 ;
S..T : 29 76 [
S.I il 28 77
: 27 S 78

26. : 79

I
n

L]

H

R FORWARD
DIRECTION

o

2,3 ;
6,7 3
10,11
14,15
18,19
22,23
26,27 ;
30,31 E
34,35
38,39 p
42,43 3
46,47 i
50,51 :
.54,55 b
58,59 4
62,63 z
65,66
63,69

~ 1 TOP S..I . E 45
ANTENNA S.T ¥ 44
s..I : 43

LEFT & RIGHT S.I 1 42
DIRECTIONS S..I t 41
S.L T 40
S..I - 39

. S.1 1 38
' .1 1 37
I 1 36
S..T 35
) ' S.I 34
s..I * 33

S.I 32

S..T ki

S.I ‘ 30
S..1 29
s.I - 28
S..I 27 71,72

oI : 26 74,75 :
1 1 T T )
24 34 44 54 :
RADIATED POWER (dBm) :

s

areAd RLE

Whisper-shout interrogation sequence. (Page 1 of 2).
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TOTAL RADIATED INTERFERE‘J"'I?
INTFERROGATION POWER LIMITING
(Atm) PRIORITY

S.I 40 4

S8..T 39 i

- 8.1 38 12

S..T TOP 37 16

$.1 ANTENNA 36 20

Se.I 35 24

s.1 AFT 34 ?8

S..1I DIRECTION. 33 32

S.I 32 36

S..I 3 40

S.I 30 44

S.. 29 48

- S.1 28 52

S..I 27 56

,.7,.71 26 60

S..I 7 36 80

S..T ‘BOTTOM OMNI 34 81
S..I ANTENNA 32 82 :
S | ’ ) ) : 30 ‘83 . :
T T T o
24 34 44 54 T ] 4
RADIATED POWER (dBm) i
£ Notes: "I" indicates total radiated power of P1,ZP3, and P4;interrogation - ?
pulses. 3
us" jndicates total radiated power of py and P, suppression pulses. ]
"S.I" means that the total radiated suppression power is 2 dB less %
than the total radiated interrogation power. 4
"s,.,.I" means that the total radiated suppression power is 3 4B less ;
than the total radiated interrogation power. ’ 3
Figure 2-1. (Page 2 of 2). ?
2-6 E
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in Figure 2-1 if interference limiting adjustments are required. The

interference limiting procedures are discussed in subsection 2.2.3.

Each successive interrogation in the sequeﬁéé is preceded by a
suppression. This suppression is used to prevent the more sensitive
transponders from reblying again. The suppression pulse is at a power level
2 or 3 dB lower than the accompanying interrogation. Partitioning the ATCRBS
environment with respect'to transponder sensitivity reduces the number of
overlapping replies received by the TCAS II M receiver. The function of the
transmission from the bottom antenna is to minimize false targets that are

generated by multipath conditions.
2.2.2 TCAS I

TCAS I is a lower-cost, limited-performance version of TCAS that is
compatible with TCAS:IIVM operation. Its main- functions are 1) to support
surveillance for TCAS II M as well as ground dir traffic -control and (2) to
maintain. surveillance.-of nearby transponder-egquipped airc:éft, To support the
surveillance function, TCAS I interrogates once per second using an ATC&BS

Mode C,ﬁérmat.1°

The: interrogation is transmitted on an omnidirectional'
antenna. The transmission power and Lnterference limiting standards for
TCAS I have -been proposed but have not been formally adopted (see

‘Reference 8).

2.2.3 TCAS/ATC Compatibility Design

Each TCAS II M unit incorpotates’interference limiting to ensure that
TCAS II M signals will not interfere with other systems when operating in
high-density airspace. TCAS II M qéntrols its ihterrogaﬁidh rate and/or power
to minimize interference effects by conforming to a set of three specific

inequaliﬁies. This ensures that all interference effects resulting from these

10Trafflc Alert and :Collision Avoidance System (TCAS I) Design Guldellnes,

FAA-RD-82~12, FAA, Washington, DC, April 1982.
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interrogations, together with the interrogations from all other TCAS II M
airborne interrogators in the vicinity, are kept to a low level. The number

of Mode S and ATCRBS interrogations made by a TCAS II M-equipped aircraft and E

T Tl T T

the number of other TCAS II M-equipped aircraft within squitter range are :

computeds Thesg computed quantities are used in- the following three L
interference~limiting equatiodns: f
* E;

U3

I P(i) 280 1

S = F - (2~-1) i

i=1 250 watts 1 + NTA

I e
S M(i)- F 0.01 second (2~2) 1

i=1 4
K PA(k) -80 -
s e P — (2-3)

k=1 250 watts 1 + NTA

The variables in these inequalities are defined: as follows:

I = the total number of Mode S interrogations transmitted in a
1-second period. 7 é
i = the index number of the current Mode S interrogation; é
i= 1,2, eee, I
P(i) = the total radiated Mode S power (in watts) frxom the i %
antenna for the i-th interrogation. ;
NTA = the number of airborne TCAS II M interrogators that are ‘é
detected by squitter. ]
M(i) = the duration of the mutual suppression interval for the
TCAS II M transponder associated with the i-th
interrogation. 4
K = the total number of ATCRBS interrogations in a 1-second i
perind. i
k = the index number of the ATCRBS interrogation; ?

; x@ﬁ?&éﬁ%&&%ﬁqﬂf} {i%&{}ﬁ@}&%&j}ﬂﬁm in LA h "‘i**i“:_&': o : g ’{’
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k = Ty 24000, Ko

R : X

%ﬁ PA(k) = the total radiated power (in watts) from the antenna for

%g_ ' the k-=th ATCRES interrogation.

] ’

EQL{ T 2 -
H—. The TCAS II M unit will determine once per second if the power -and/or

interrogation rate should be adjusted. Each TCAS II M varies the system

ﬁﬁ: s _ parameters computed in ineéualities (2-1), (2-2), and (2-3) to maxim§29hthe

%§§ surveillance ranges for Mode S and ATCRBS aircraft, while limiting the total
‘: power and interrogation rate not to exceed set values,

a%i ; At the beginning of each surveillance update interval (each second), the

g? ‘ nunber of TCAS II M interrogators detected by squitter is used to evaluate the

B current right-hand 1;m1;§:in—inequalities (2-1) and (2-3). The average values

%%é over a 16~second integvé%:f?; the Mode S variabies in the inequalitiés -are-

85 also calculated. If the average value of the left-hand side of either

ggﬁ . inequality (2-1j or (2fii}gguais or exceeds the current limiﬁ,;bath'thérﬂédeAs
g and the ATCRBS surveillance .parameters are modified to satisfy ‘the:

2?? inequalities. ' o

G

ﬁ}' T@e ATCRBs‘gqrvefllgnqg aqtiv;gy is modified by sequentially,eléminating

: elements of the:whigggrgShpgt sequence., Each whisper-shout step is -uniquely
&‘: associated with a TCAS II ‘M- receiver Minimum Triggering Level (MTL) setting.
: 4 Thus, the receiver sensitivity in ATCRBS surveillance periods is autpmgticalgy
‘tailo;ed to match theserpoyef reductions. »

Mode S surveillanée:gctivity is,podified by adjusting Mpdgrs
interrogation powéf aﬁd]qr squitter sensitivity., In evaluating thgsgf
inequalities, 16-89cond,a§ei§ges of the Mode S parameters and current or
anticipated values of the:ATCRBsﬂparameters are used., After the Mode S

variables (power and/or squitter sensitivity) have been changed to satisfy the ]
inequalities during the update interval, the only change allowed during the A
next 16 seconds is a reduction in the number of whisper-~shout steps needed to
satisfy inequality (2-3),. This is designated the 16-second freeze.

SR

,ai‘?.iéi&ﬁﬁ&%ﬁéﬁ%&@&%ﬁGR’?.REm&&&&m&:{ﬁieﬁ{&ﬁ{"?-Z’?f:i’iiﬂl{?&.-i»li@i"f{ﬁs’éiﬁ‘?ﬂﬁ@;
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243. ATC TRANSPONDER CHARACTERISTICS

AV

Each transponder-equipped aircfaft is represented by an antenna (omni- :
directional in azimuth), antenna cable, receiver/processor, and a .
transmitter. The (quantized) vertical antenna gain patterns were derived\from\
measured data for the Boeing 727 antenna/eirframe configuratior.a ‘For
.modeling purposes, it is assumed that ATCRBS transponder—equipped aircraft are
fitted with a single, bottom-mounted antenna, while Mode S transponder- ;
equipped aircraft are fitted with both top- and bottom-mounted antennas.
—Pplarizetion losses are neglected. The cable loss from the antenna terminals
to the receiver/transmitter terminals is assumed to be 3 dB for the entire

transponder population.

) 'The,receiver,sensitivity and transmitter power output of each type‘ef
transponder are assigned statistically in accordance with measured data;tl
‘For ATCRBS transponders, the. values of receiver sensitivity range between

=51 dBn and ~90 dBm, with an average value of =74 dBn, ‘the values of
transmitter poweY range betweer. 46 :dBm and 65 dBm, with an average gowef_of 57

siBn.

Al
1

Mode S transponder-equipped aircraft receiver/transmitter characteristics
are assigned using a normal probability distribution function. The ;eceiyer
sensitiVity digtribution for Mode S transponder-equipped aircraft that'aie not
TCAS II M-equipped are assigned‘using a mean,velue of -77’dBn with a séandapd
deviation of 1.5 dB. The sensitivity distiibution for Mode S tranSponder- .:
-equipped aircraft that are TCAS ri'M-equipped is constructed using a mean
value of ~77 dBm with a standard deviation of 0;5 dB. Reply_power‘levels for

" the two populations of Mode S transponders are assigned in a similar way: an

average reply power of 57 dmm for both populations with standard deviations of
1.5 dB for Mode S aircraft that are not TCAS II M-equipped, and 0.5 dB for

8patterns were supplied to ECAC by the FAA.

T1Colby, G. V. and Crocker, E. A., Final Report Transponder Test Program,
-FAA~RD-72-30, FAA, Washington, DC, April 1972.
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‘Mode S aircraft that are TCAS II M-equipped. 3

e 3b

Transponders are subjected to a variety of signal formats from ATCRBS
interrogators, Mode S interrogators, and TCAS interrogators. The reaction o
a transponder receiver/processor and transmitter to each type of signal is, in
general, different for Mode Szénd ATCRBS transponders. TABLE 2-5 lists the
different types of signals that may be received at transponders, and the

attendant receiver/processor and transmitter action.

TABLE 2-5
TRANSPONDER INTERROGATION PROCESSING AND DEAD TIMES

A4 I Receiver f Transmitter o
Transmission Type | Transponder Type | Dead Time ()s) Action 1

| ATCRBS Interrogation 1~ narcres 1 60 : Reply
| ATCRBS-Only Interrogation® :E ATCRBS ii 60 1 Reply )
féfATCRBS-Suppre§§ion 12 ATCRBS : 35 E? Suppression-
ég Mode 3 Interrogation fi ATCRBS T 35 - | suppression
. (All~Call and- Roll-Call) : 1
| ATCRBS Interrogation : Mode S 60 i Reply
?5 ATCRBS-Only Interrogation i = ‘Mode S 24 " Suppression
| ATCRBS Suppression I Mode S 35 1 Suppression
%ngode S Interrogation '% Mode S 192 (short 1 Reply

: reply)

248 (long Reply

: reply) 1
1 Mode s Interrogation T Mode S 1 20 (short " Suppression
} (not at transponder address) 1 interrogation) -
: : 32 (long Suppression
7 " interrogation)
| Mode s All-call Interrégation | Mode S 128 Reply®
f: a/ATCRBS--only interrogations are transmitted by Mode S sensors and TCAS II M
_ interrogators. ’
’ bThe probability of reply of Mode S transponders to Mode S All-Call

Interrogation is controlled by data contained in the interxrogation.
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‘DOT/FAA/PM-85/22 Section 3.
SECRION 3
MODEL DESCRIPTION

3.1 INTRODUCTION-

The TCAS SEM is divfﬁed into-a main driver program and 24 separate
subroutines, each of which performs a specific function. Figure 3-1 shows the
major functions of the model and identifies the subroutines that perform those
functions. To the left of each subroutine shown on the diagram is a general
description of the function(s) that it performs. The information contained in-
this section is presented in the form of PDLs (program design language) to be
used in conjunction with the actual code of the TCAé SEM (APPENDIX B). The

PDLs provide a detailed description of the variables- and the logic of each
subroutine.

3.2 OPERATIONAL DESCRIPTION-

The -DABS/ATCRBS/AIMS -PPM and the TCAS SEM were designed: in ASCII FORTRAN:
for use on the ECAC Sperry 1100/82 computer. The TCAS SEM i§ machiné=dependent

because of its use of system subtdutineg and- system :functions.

3.2.1 Input/Output Files

The -DABS/ATCRBS/AIMS PPM creates an input disk file (See TABLE 3-1) for
. the TCAS SEM that contains average interrogation and- -suppression rates due to-
ground air traffic¢ control for each aircraft in the deployment. The aircraft's
position (latitude, longitude, and altitude), type (ATCRBS, Mode S, or
TCAS II M), and its velocity (East-West, North-South, and vertical directions)
are supplied by the LA Basin Model (Reference 3) using the format of

LA

TABLE 3-2. Using this information, the TCAS SEM simulates TCAS activity during
a- 120~second interval. At the end of the simulation, the TCAS SEM creates a

disk file which includes the time-average rates at which TCAS signals arrive at

IRNTLYSLIDY

each aircraft. The types of signal rates stored are listed in TABLE 3-3.

Tl A oy

A o 2 DL E a1

TS KRR T D4 G0 ST o T T e 1 Tt 4 e W o



W ooV el Al Sl Tt Rt TSt AP el T, Tl BT TS W TRl e b Broledo S D B o B0 33 Nl tal S el s Vel A BT Cl LSl Al Sl it B a0 T o2 ol R TR D e L e BT e T R B T s e W, PR B W B

DOT/FAA/PM-85/22 Section 3
Driver ;| CIRCAS -|- -
Set initial conditions : ;7 .

L

Compute total power sent over

N whisper-ghout levels ) =1-aspwr |

Load ATCRBS whisper-shout arrays 'f— .

Load aircraft deployment file Yy — neoT | ovRT
= ) RANN

Time~independent algorithms: 1 .

Assign transponder characteristics -‘—ill'Ri\ﬁSP H RANN I

Load TCAS II M file; set squitter

phase ) - ——L 'PQTART I'—-LRA.‘IN '

Load TCAS II M file

Egtimate TCAS II M interference
limiting state

Compute TCAS I effects

Time-dependent algorithms:

Move aircraft; update track file

e

Load antenna coupling array

Estimate fruit at each TCAS II-M-

Schedule Mode S disacrete-
interrogations

SUIT h—aﬁ‘]

Compute smoothed- parameters 1

Compute effects -of TCAS Mode § R
emissions

-Compute effects of TCAS ATCRBS:
whisper-shout emissions

Make interference imiting ) ) :
adjustments ool S ]

of interest

* Load files for rates to be used . ——m

in DABS/ATCRBS/AIMS PPM

Compute and display variables: : 1= '

Figure 3-1. Tree diagram of the TCAS SEM.

3-2
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FORMAT -OF INPUT FLLFE

) '[CAS

xan-_.mmmu.{lm.mxw&mmm&.wmu;m-ﬁ&“mu ek 2

CTABLE 31

Section 3

SEM FORMED:‘BY DABS/ATCRBS/AIMS PPM

Beginﬁiﬂé 7 v
Column- Length Format Quantity
715’ 10 I10 'irInterrogation Rate due to
-ground ATC (per second)
21 10 I10 . Suppression Rate due to
ground ATC (per second)
TABLE 3-2
FORMAT OF DEPLOYMENT FILE
Beginning
-Column. Length Format Quantity

T 2 12 Latitude (Degrees)

3 2 . I2 Latitude (Minutes)

5 2 12 Latitude -(Seconds)

T 1 Al Hemispherevxursl

8 3 13 Longitude -(Degrees)

EE 2 12 Longitude (Minutes)

13 2 12 Longitude (-Seconds)
15 1 Al Hefmisphere (E-W)

19 8 F8.0 Altitude (feet msl)

36 4 A4 Type )
41 6 F6.4 Westward Velocity (nmi/s)-|
48 6 F6.4 Northward Velocity (nmi/s)|:
55 8 F8.4 Upward Velocity (ft/s)

3-3
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TABLE 3-3

FORMAT OF OUTDUT FILE GENERATED BY 'TCAS SIM 10 BE USKD AS
INPUT 'O DABS/ATCRBS/AIMS PPM

Beginning 1
Column ¥ ILength Format Quantity
' 11 iz 15 115 Mode S Misaddresses
i due to TCAS II M
26 I 15 115 Mode S Suppressions
:  due to TCAS II M
.
41 i 15 }. I15 '~ Mode S Interrogations
¥ due to TCAS II M
56 + 15 115 | ATCRBS Interrogations
1 due to TCAS: II M
7 + 15 | 115  ATCRBS Suppressions
: due to TCAS II M
86 1 10 F10.5 Mode S Addresses
due to TCAS II M
98 ¥ 10 | F10.3 TCAS II M dead time .
110 1 10 F10,.3 TCAS I Interrogations
to aircraft

3~-4
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4 3.2.2 Internal Data Structure

In order to connect each segment of the TCAS SEM, common blocks of data

were designated to--share information. The data dictionary in APPENDIX A

e

h

g
Pt~

describes each common 'variable and its units.

3.3 MODEL SUBROUTINE DESCRIPTIONS

g i

The -subroutines of the model are described in PDL- form in this section,
vedl in the order in which they appear on the tree diagram of Figure 3-1, The PDLs
%% are divided into Purpose, Inputs, Procedure, OQutputs, Variables of Interest,
%é and Process. This -method of documentation .provides a detailed description of
' _each subroutine in a fori that -can be easily updated as modifications .are made E

e to the--model.

Py

- -

-,
o

a0 ok
e
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3.3.1 Model Driver: CIRCAS

PURPOSE: ‘To drive the TCAS SEM:

1. Set initial conditions and load aircraft files.

2. Calculate near time-independent effects of TCAS I (if desired) and
TCAS II M emissions.

3. Calculate time-~dependent effects of TCAS II M on the environment.

4. Record the results of the TCAS SEM on disk files to be used in the
DABS/ATCRBS/AIMS PPM.

INPUTS: ATC files- from DABS/ATCRBS/AIMS PPM, and' transponder deplbyment

information.

PROCEDURE: First, -all thé subroutines that set up the initial conditions of
the -simulation: (e.q., whisperéshput.pgwe: levels, number of aircraft in-
the deployment, etc.): are called. Next, a simulation of 120 seconds of
the operation of the TCAS II M system is performeéd. During the
simulation, the Mode S--and ATCRBS interrogation--and suppression: rates dﬁe
to TCAS II M interrogations is.computed for all aircraft-in the- '
environment, along with the mu;ﬁal suppression rate of éach TCAS II M
receiver, At the end of the simulation, the average v;iue of Mode S and.
ATCRBS rates are computed and stored in. external files to be used in

conjunction with the DABS/ATCRBS/AIMS PPM. ‘ s :

OUTPUTS: -ATC files- for use in DABS/ATCRBS/AIMS PPM.

VARIABLES OF INTEREST "

Description variable Name ‘

’Nqﬁber of TCAS II M-equipped aircraft NUMTCA

-Clock - ITIME

TCAS II M-equipped aircraft of, interest I1 i

TCAS II M transmission indicator LPLUSY j

Print indicator PRINT §

TCAS I analysis indicator ™ E
3-6 :
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PROCESS:
1.
2,
3.
4.
5.

6.
7.

8.

9.

10.

1.
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Read in user's options (print option and TCAS T analysis option).
CALL INIT: Set initial conditions of all common block variables.
CALL ASPINT: Initialize array containing total whisper-shout power
radiated.,

CALL WSPOWE: Load whisper-shout power levels for TCAS II M-equipped

aircraft.

CALL INPUT: Load aircraft deployment from the transponder deployment

file (usually the LA Basin Model) and interrogation and suppression

rates from the DABS/ATCRBS/AIMS PPM.

CALL TRANSP: Assign power and sensitivity for -each transponder.

CALL TSTART: Set squitter phase for each TCAS II M-equipped aircraft

and a pointer file to locate TCAS II -M-equipped aircraft in: the l

aircraft characteristicés file,

‘CALL LOAD: Compute heading of each TCAS II M; update MODE §: track

file (i.e., load array -containing power, range, and bearing )

relationships between TCAS II M-equipped and all other aircraft
within 50 nmi); and compute the air traffic densities about each TCAS

II M, as well as the average density about all TCAS II M-equipped

aircraft. ‘

CALL PRESET: Approximate interference-limiting effects on each

TCAS II M-equipped- aircraft.

IF TCAS I analysis desired, “THEN

A. CALL TCAS1: Determine signal rates due to TCAS I ATCRBS
surveillance.

END IF

LOOP over 120-second time interval, in one-second steps.

A. CALL LOAD: At times 40, 80, and 120 seconds: update all
aircraft positions; update MODE S track file and compute the air
traffic densities about each TCAS II M-equipped, as well as the
average density about any given TCAS II M-equipped aircraft.

B. LOOP over all TCAS II M-equipped aircraft.

1o CALL ANTGAN: Compute antenna elevation patterns between
given TCAS II M-equipped aircraft and all othe; aircraft
within 50 nmi of the TCAS II M.

3-7
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2. IP time equals 1, 20, 40, 60, 80, 100, or 120 scconds, THEN
a. CALL FRUDMA: Compute the reply etficiency of ecach 1
aircraft to thé TCAS II M-equipped aircraft and the :
associated fruit rate to that efficiency.
3. END IF
4. CALL DISMOD: Schedule Mode S discrete interrogations.

[

i

5. CALL TCSMOT: Compute smooth (or averaée) TCAS II M
emission poﬁers and interrogation rates over the last 16-
second interval, ;

6. IF TCAS II M transmitted Mode S interrogations THEN ]
a. CALL DISINT: Compute :Mode S effects from TCAS II M to

all other aircraft in range of the TCAS IT M.

7. END IF '

8. IP time equals 1, 40, 80, or 120 seconds, THEN

a. CALL ATMOD: Computé whispér-shout effects of E
TCAS II M 6n all other aircraft within range. }

10. IF time is greater than three seconds, THEN

gl L

a. CALL INTLI: Adjust TCAS II M characteristics to
satisfy interference-limiting inequalities.
11. END IF ‘ ' ‘
12. CALL STATS: Compute average rates from all TCAS II M-

LB s e

Gy e

equipped aircraft to all Other aitrcraft.
C. END LOOP ‘ ' '
13. END LOOP
14. -CALL FILES: Load rate files for use in the DABS/ATCRBS/AIMS PPM.
15. End.

iz,

e o

i

ol |

Called by: None.

Subroutines called: INIT, ASPINT, WSPOWE, INPUT, TRANSP, TSTART, LOAD,

G PRESET, TCAS1 (optional), ANTGAN, FRUITA, DISMOD, TCSMOT, DISINT, ATMOD,
@ INTLI, STATS, FILES

M e I b

ol o
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3.3.2 Ssubroutine: ‘INI'lf :

PURPOSE: To set initial values -of all common variables, i

'E . INPUTS: All common variables. (Refer to TCAS SEM Data Dictionary, i
APPENDIX A.)

) PROCEDURE: Set each common variable to its initial value. é
OUTPUTS: 1Initial values for all common variables. i

Called by: CIRCAS ;

Subroutines called: None. .%

LR il
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3.3.3 Subroutine: ASPINT

PURPOSE: To initialize the array containing the total power transmitted using

N: whisper-shout levels.,

INPUTS: None.,

PROCEDURE: A loop is performed over all whisper-shout levels. At each:
level, the total power transmitted. by the top (in the front, sides, and

back) and bottom antennas is computed and stored in the appropriate array.

OUTPUT: The array containing the sum of the whisper-shout :power levels for

N transmitted levels.

VARIABLES OF INTEREST

Y v praw

Description ] Variable Name
Total power radiated with- N' levels ATSUMP
PROCESS:

1. Define 1 dB and 2 dB. 7
2. Define the minimum levels transmitted by the top and bottom antennas :
in watts,
3. Set total sum power = O when 'no whisper-shout levels are sent.
4. LOOP over all 83 priority levels.
A. Find the number of whisper=shout levels sent on the top antenna
(front, right, left, and back lobes) and. bottom antenna for a
given priority level. -é

B. Compute the total power transmitted by the top and bottom

antennas, and store this value in the appropriate position in
the sum power array.
5. END LOOP

6. Return.

called by: CIRCAS

Subroutines called: None.
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3.3.4 Subroutine: WSPOWE

PURPOSE: fTo load the 83 levels of ATURBS. whisper=shout interrogation power 3

for the TCAS II M antennas and store them in arrays that correspond to the :
location of the antennas.

INPUTS: Number of whisper-shout (w-s) levels for the top antennas (total of
79 levels) which are located at the front (24 levels), sides (20 levels

each side), and back (15 levels) of the aircraft and the number of levels 4

for the bottom anténna (4 levels). These levels were obtained from the

TCAS II M Minimum Operational Standards (MOPS) (Reference 5).

‘PROCEDURE: The 79 whisper-shout levels that can be transmitted by the TCAS II M

top antenna (24 on the front, 20 on each side, and 15 on the back) and the 4

whisper-shout levels that can be transmitted by the bottom antenna are

computed and stored in the appropriate arrays.

OUTPUTS:

o L T e e el

Four arrays containing whispér-shout power levels by location of
antenna.

gL L

VARIABLES OF INTEREST

-Description

variable Name

‘Whisper=shout levels of:

=

5
k|
A

Top-front antenna IPOWF
) Top-side antennas IPOWS %
Top-back antenna IPOWB i
“ Bottom antenna IPOWBO é
PROCESS:

LRty

1. Initialize the peak power for the top-front antenna to 49 dBm.
2.

A et

LOOP over the 24 whisper-shout power levels of the front antenna

L L g

A, Calculate this power level by decreasing the peak power by 1 dB
per level (starting at 49 dBm and decreasing to 26 dBm).

b 11
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B.

A.

B.

A.

B.

A.

B.

Called by:
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Calculate the total radiated power of the top-front antenna, ~

3. END LOOP
4. Initialize the peak power for the top-side antennas to 45 dBm.

Se LOOP over the 20 levels (each side) of the side antennas.

Calculate this power by decreasing. the peak power by 1 dB per
level (from 45 to 26 dBm),

Calculate the total radiated power of the side antennas.

6. END LOOP ,
7. Initialize the peak power for the top-rear antenna to 40 dBm.
8. LOOP over the 15 levels of the back antenna.

Calculate these levels by decreasing the peak power by 1 dB per
level (from 40 to 26 dBm).
Calculate the total radiated power of the back antenna.

9. END LOOP
10, 1Initialize the peak power for the bottom antenna to 36 dBm.
11. LOOP over the 4 levels of the hottom antenna.

Calculate these levels by decreasing the peak power by 2 dB per
level (from 36 to 30 4Bm).. ’

Calculate the total radiated power of the bottom antenna.

12. END LOOP
13. Calculate the total combined radiated power of all the antennas.

14. Return.

CIRCAS

Subroutines called: None.
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3.3.5 subroutine: INPUT
PURPOSE: Load the aircraft deployment array and ‘the interrogation and
suppression rate arrays, and determine the number of each type of

aircraft.

INPUTS: Interrogation and suppression rates from the DABS/ATCRBS/AIMS PPM,
and aircraft characteristics data from the Los Angeles Basin model which
includes latitude (degrees, minutes, seconds), longitude ({(degrees,
minutes, seconds), altitude (feet mean sea level), type of aircraft,
longitudinal velocity (nautical miles per second, positive in the westérly
direction), latitudinal velocity (nautical miles per second, positive in
the northerly direction), and vertical velocity (feet per second, positive

in the upward direction).

PROCEDURE: This subroutine reads interrogation and suppression rates and
loads the rate arrays. It also reads the aircraft deployment file and
loads the deployment array. During this process, the total number of
aircraft is counted, as well as the number of each of the three types of

aircraft (ATCRBS, Mode S, and TCAS II M).

OUTPUTS: Interrogation and suppréssion rates, the total number of aircraft,
the number of each type of aircraft (ATCRBS, MODE S, and TCAS II M), and
the aircraft deployment file ‘whici, contains, for each aircraft, the
latitude (radiané), longitude (radians), altitude (feet mean sea level),
type (ATCRBS, Mode S, or TCAS II M), westward velocity {(nautical miles per
second), northward velocity (nautical miles per second), and upward

velocity (feet per second).

3-13
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VARIABLES OF INTEREST

Description Variable Name 2
Number of aircraft NAC ]
Number of ATCRBS-equipped aircraft " IATCR

Number of Mode S-equipped aircraft IDAB

Number of TCAS II M-equipped aircraft ITCA

Intérrogation rates ' IADJIN y
Suppression rates ’ " IADJISU :
Aircraft deployment TJIFILE {
Percentage of deployment RATIO ;
PROCESS:

Te Set fraction of total deployment wanted (RATIO).
2. LOOP over all aircraft in model.
A. Read in the interrogation and suppression rates from
DABS/ATCRBS/AIMS PPM and store them in appropriate arrays.
B. Read in the transponder deployment from the deployment file
{usually the LA Basin Model).
C. CALL RANN: Get a random number.
D. IF random number greater than or equal té RATIO, THENW
1. Eliminate this aircraft from deployment.
E. ELSE
1. CALL FASCFD: Convert aircraft type from ASCII to fieldata.
2. CALL CNVRT: Convert aircraft type from fieldata to integer
representation (0 indicates an ATCRBS transponder, 1
indicates Mode S, and 3 indicates TCAS II M).
3. Convert latitude and longitude data from degrees, minutes,
and seconds to radians. ’ ' E
4. Determine whether the latitudes are north or south, and

whether the longitudes are east or west.

Q;‘ Se Load the position, type, and velocity in the aircraft
characteristics file,

6., Count the number of each type of aircraft. E

M
"E%k 7. Store the interrogation and suppression rates.
Prdé
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. KND ¥
3. END [.0OP

4. Return.

. Called by: CIRCAS
Subroutines called: CNVRT, RANN *

- System routines used: FASCFD
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3.3.6 Subroutine: CNVRT

PURPOSE: To determine the type of each aircraft and convert it from

fieldata to integer form.

INPUTS: Aircraft type (in fieldata form).

PROCEDURE: The aircraft type is passed to this subroutine as fieldata. This
data is evaluated and an integer value that indicates whether the aircraft
is ATCRBS-, Mode S—-, or TCAS II M-equipped is assigned to the type

variable. This value is then passed back to the calling routine.

OUTPUTS: Aircraft type (in integer form).

VARIABLES OF INTEREST

Description Variable Name
Aircraft type ITYPE
PROCESS:

1 CASE the six most significant bits of aircraft type OF
A. 9: ITYPE = 1 (Mode S-equipped aircraft)
B. 7:25: ITYPE = 3 (TCAS II M-equipped aircraft)
C. Others: ITYPE
2. END CASE

]

0 (ATCRBS-equipped aircraft)

3. Return.

Called by: INPUT

Subroutines called: None
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3.3.7 Subroutine: RANN

PURPOSE: To generate a random number betweon zero and one.
INPUTS: None.

PROCEDURE: The first time this routine is performéd, a large number is
assigned to the "séed," which is the variable that is used to produce the
random numbers. This seed is multiplied by an integer which is
sufficiently large to cause an overflow of bits in the register holding
the seed. The random number is obtained by shifting the biits back down

such that the number is pOSitive and no greater than one.

OUTPUTS: A random number having a value between zero and one.

VARIABLES OF INTEREST

Description Variable Name
Random number between zero and one RAN
PROCESS:

1. IF subroutine has not been run before THEN
A.. Set seed equal to .a large integer value,
B. Set flag that indicates subrcutine has been run.

2. END IF

3. Multiply seed by a large integer value.

4. Produce random number by dividing the absolute value of the seed by

) : {approximately) 235, which corresponds to the largest integer value

the computer is capable of retaining.

5. Return.

Called by: INPUT, TRANSP, TSTART, DISMOD, TSQUIT

Subroutines called: None

3-17

D T R R T T AN A T A T MRS SADROTL L i A LALLM TR T T e Tl 415



o el AR R AR AT RAETRETA R A AR LA T AL M A M TR TER Pl il B Sl S bt e e e i e i Do e b s 20 L P F, B TR T el Ml P e P U A M B b N A R L LR

'DOT/FAA/PM~-85/22 . Section 3

3.3.8 Subroutine: TRANSP

‘PURPOSE: To assign transmit power and receiver sensitivity characteristics

for each transponder.

INPUTS: Number of aircraft in model; nominal Mode S power and sensitivity,
and standard deviations from each; and nominal TCAS II ‘M power and

gensitivity levels with corresponding standard deviations.

PROCEDURE: A normal distribution of rahdom—nqmbers is generated and used to
' assign the transmitter powers and receiver sensitivities of each Mode S
and TCAS II M aircraft in the environment. The transmitter power and
sensitivity for each ATCRBS aircraft is assigned -using measured data

documented in Reference 9.

OUTPUTS: Transponder characteristic arrays: Transmission power levels for

each aircraft and receiver sensitivity for each aircraft.

VARIABLES OF INTEREST

Description Variable Name

Transmission power for each aircraft = JTRANS

Sensitivities for each aircraft JSENS
PROCESS:
1e Set starting points for random number generator. .

2. CALL RANDN: Set up array of pseudo-random ﬁumﬁers which follow a
normal distribution and are used to pfédict Mode S power levelg
(nominal value is 27.0; standard deviation is ];5).

3. CALL RANDN: Set up array of pseudo-random\numbers which follow a
normal distribution and are used to predict TCAS II M power levels
(nominal value is 29.2; standard deviation is 0.5).

4. LOOP over all aircraft in model.

A. IF ATCRBS-equipped aircraft THEN
1 CALL RANN: Get a random number.
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2. Use probability distribution from ATC-9 to determine
transmission power.
3. Store transmission power. :

B. ELSE IP Mode S-equipped aircraft THEN
1. Calculate transmission power of Mode S-equipped aircraft
using number from normal distribution.
2. Store transmission power.
c. ELSE IF TCAS II M-equipped aircraft THEN
1e Calculate transmission -power using number from normal
distribution.

2, Store the transmission power.

D e LA s Pt e

D. END IF
S. END LOOP :
6. Set starting points for random number generator. :
7. CALL RANDN: Set up array of psuedo-random numbers that follow a
normal distribution and are used to predict Mode S sensitivity :

levels., R

8. CALL RANDN: Set up array of psuedo-random numbers that follow a
normal distribution and are used to predict TCAS II M sensitivity

levels.

e e

9. LOOP over all aircraft

A. IF ATCRBS-equipped aircraft THEN
Te CALL RANN: Get a random number.
2. qSe probability distribution from ATC-9 to determine

sensitivity level.

3. Store the sensitivity.

B. ELSE IF Mode S-equipped aircraft THEN
Te Set sensitivity equal to number from normal distribution.
2, Store the sensitivity. '

C. ELSE IF TCAS II M-equipped aircraft THEN :

1, Set sensitivity equal to number from normal distribution.

-

2. Store predicted value.
De. END IF
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10. END LOOP
1.
Called by:

Returne.

CIRCAS

‘RANN
RANDN

Subroutines called:

System routines used:
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3.3.9 Subroutine: TSTART

PURPOSE: To set up a pointer array that locates TCAS II M-equipped aircraft
in the aircraft deployment file, and to set the squitter phase for each ]

TCAS 1I M~equipped aircraft.

5

INPUTS: Aircraft deployment file.

PROCEDURE: A loop is performed over all aircraft to determine and store the
number of TCAS II M-equipped aircraft and the pointer arrays used to
locate the TCAS II M in the aircraft file.

OUTPUTS: Number of TCAS II M-equipped aircraft, TCAS II M pointer file, and
start time of each TCAS II M squitter phase,

VARIABLES OF INTEREST

‘Description Variahle Name

Number of TCAS II M-equipped aircraft NUMTCA

TCAS II M pointer array I111
Squitter phase start time TCST
PROCESS:

1e LOOP over all aircraft.
A. IF TCAS II M THEN
s 1. Count the aircraft.

2. Store its location in the pointer file,

. 3. CALL RANN: Get a random number.
4, Calculate squitter phase start time "using the random
number.
B. END IF
2. END LOOP ’ :

3. Return.
3-21
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Called by: CIRCAS

Subroutines called: RANN

SRS
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.

3.3.10 Subroutine: LOAD

PURPOSE: At times 0, 40, 80, and 120 seconds: to update all aircraft 1
positions; to compute heading of each TCAS II M (at time = 0 only); to
. update Mode S track file; to load array containing power, range, and
bearing relationships between TCAS II M-equipped aircraft and victim
. aircraft; and to compute the air traffic densities about each TCAS II M,

as well as the average density about all TCAS II M-equipped aircraft.

-

INPUTS: Aircraft deployment file, number of TCAS II M-equipped aircraft,
Mode S track file, TCAS II M pointer file, simulation time, and the number

of aircraft,

RN NPT R AN AL o)

PROCEDURE: First, the velocity of each aircraft is used to- update its
location in the environment. The following data is then calculated and

stored in the appropriate arrays: the relative position of other aircraft

ol

to each TCAS II M, the aircraft that belong in the track file, the power

Ll

received by each TCAS II M from other aircraft, and the local air traffic
densities within 5, 10, and 30 nmi of each TCAS II M.

OUTPUTS: Updated aircraft deployment file, updated Mode S track file, updated

TCAS II M environmental array, and air traffic density about each TCAS II
M within 10 nmi.

ot Ut T M O Y

‘VARIABLES OF INTEREST E

et o

Description Variable Name E

- Aircraft characteristics file TIFILE g
) TCAS II M headings ' THETA §

Track file ITRACK

TCAS II M environmental array ICASFI E

Density about each TCAS II M DENS é
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Number of TCAS II M-equipped aircraft NUMTCA

Simulation time ITIME

TCAS II M pointer file I }
Number of aircraft NAC

PROCESS: "

1. IF time does not equal zero THEN
A. Calculate the new latitude by adding forty seconds times the
latitudinal velocity to the old latitude (x = Xg_4g0 + 40Vy).
Bs Calculate the new longitude by adding forty seconds times the
longitudinal velocity to the old longitude (y = ygp.40 + 40 vy).
C. Calculate the new altitude by adding forty seconds times the
upward velociky to the old altitude (z = zi_ygq + 40 v,).
D, Store thesé new positions.
2. - END IF
3. LOOP over all TCAS II M-equipped aircraft'
A. Find the location of the TCAS II M in the general aircraft E
characteristics file.
B. Compute the heading of the aircraft by finding the angle formed
by the velocity components (theta = arcsin (vy/(vx2 + vyzﬂ%) e
C. Adjust the angle to fit intd the coordinate system where north
* is at zero degrees, west is at 90, south is at 180, and east is
at 270,
D. If the aircraft is heading eastward, subtract the adjusted angle
in 3.C from 360°. (The calculation in 3.C assumes westward

motion.,) ‘ 3

E. Convert this angle to radians. ;
F. Zero out local aircraft counters.
- G. Get the latitude (radians), longitude (radians), and altitude
(statute miles) of the TCAS II M-equipped aircraft.
He LOOP over all aircraft - ‘
1. Get the victim aircraft's latitude (radiansj, longitude

(radians), and altitude (miles).
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2.

3.

4.

5.

6.

7.

8.

10.

TN TR T

Section 3

CALL BEAR: Compute the horizontal distance (miles) and
angle (radians) between TCAS II M and victim aircraft.
Find the altitude difference {nmi) between the TCAS II M
and victim aircraft.
Find the slant range (straight-~line distance) between the
two aircraft. ( (horizontal distance2 + vertical
distancez)ue) ‘
IP victim aircraft is TCAS II M~ or Mode S-equipped THEN
a. IF the two aircraft are within 50 nmi of each other

AND their difference in altitude is less than

9000 feet

THEN

1 Add the victim aircraft to the track file if it

is not already there,

T

b. ELSE

1. Remove the victim aircraft from the track file if
it is there.
Ce END IF
END IXF .
Determine tie free space power loss (Power loss = 37.80 +
20log4o(1030) + 20logqg slant range + 3.0 - 60.0 ) where
1030 is the interrogation frequency in MHz, the slant range
is in nautical miles, 3.0 is the transponder cable loss in
dB, 60.0 converts from kKW to mW, and 37.80 is the constant
adjustment factor to account for units of MHz and nmi).
Compute aircraft densities around each TCAS aircraft.
IF the two aircraft aré separated by at least 50 nmi THEN
ae Remove the victim aircraft from the TCAS II M
environmental array.
ELSE
N Increment appropriate local aircraft counters if the

victim is within 10 nmi of the TCAS II M.
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Called by:

X0
I
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Section 3

b. Store the ﬁelat?vp range, bearing, and power, and the
type of victim aircraft in the TCAS II M environmental
file.

11 END IF

END LOOP

END LOOP

I.

Return.

CIRCAS

Subroutines called: . BEAR
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3.3.11 Subroutine: BEAR

?& PURPOSE: To calculate the horizontal distance and angle between the TCAS I §
‘g‘ or TCAS II M aircraft of interest and the victim aircraft (see :
ﬁg Figure 3-2). ;
rE )
%ﬁ INPUTS: TCAS-equipped aircraft's latitude and 1ongiFude (in radians), the i
W victim aircraft's latitude and longitude (in radians), and the radius of

&S the earth (in statute miles).

PROCEDURE: The two-dimensional locations (latitude and longitude) of two

e

aircraft are used to calculate the horizontal range and bearing relative

5& to North using a flat earth approximation. %

= 3

31 OUTPUTS: The hcrizéntal distance between the two aircraft (in statute miles). ;

;i and the bearinyg angle (measured from the north, in radians) between the ;

3% two aircraft.

38

;:i' VARIABLES OF INTEREST

ai Description variable Name g

ﬁ{ Radius of the earth RADIUS ,
TCAS latitude TLAT ) . ;
TCAS longitude TLON %
Victim latitude N RLAT §
Victim longitude RLON

] Distance between the two aircraft DIST

Bearing angle between the two aircraft BEARTX E

3 PROCESS : |
;“ 1. Calculate the difference in latitudes between the two aircraft. %
ég 2. Calculate the difference in longitudes between the two aircraft. ?
%: 3. Calculate the longitude scaling factor (the cosine of the average of %
fﬁ the two latitudes), g
N 4, Scale the difference in longitudes (multiply it by the scaling factor). !

D
,

o,
X
.

3-27 _ :

AN

55

o -

A o e A R T T TN - D ST EALL TA LA L  Ty L n AS AN g 0 ) 1]




- B AR L B Wkl e b B L e P P M = e e -kru\_ug—mwuwmmuu.;waVJW.mamuwwmu‘u.suw‘..vum)ﬁ]

E

DOT/FAR/PM-85/22 Section 3

=T AN (—<DLAT )
BEARTX = 3 - TAN ((DLONXLSF*) 7

(TLAT, TLON} ]

DIST = /DLATZ + (DLONRLSF*2

DLAT

- - |
RLAT, RLON)
DLON ( !

*LSF =LONGITUDE SCALING FACTOR

Figure 3-2, Illustration .of bearing calculations.
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5.

7e

8.

10.

11,
12.

IMind the straight line distance between the two aircraft (the
distance is the square root of the sum of the square of the
difference in latitudes plus the' gsquare of the scaled differencé in
longitudes).

IP the difference in longitudes is less than one thousandth of a

statute mile, THEN

A, Set the difference in longitude to one thousandth of a statute
mile to prevent division by zero in the bearing calculation.

END IF

Calculate the angle between the two aircraft (arctan (- difference in

latitudes / scaled differencé if longitudes)).

Adjust the axis so that due north is the zero point.

IF the angle is negative THEN !

A. Add 2m to it to make it positive.

END IF

Return.

Called by: LOAD, TCAS1

Subroutines called: None
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3.3.12 Subroutine: PRESET
PURPOSE: To estimate the interference-limiting state of each TCAS II M- i

equipped aircraft. 5

INPUTS: Number of each type of aircraft, track file, TCAS II M environmental

array, aircraft deployment file, and transponder characteristic arrays. ]

g g 1y

PROCEDURES: At the start of the simulation, the number of Mode S and

TCAS II M-equipped aircraft within 35, 30, and 7.16 nmi of each TCAS II M

A Lk

aircraft are computed and used to estimate the number of aircraft in the
squitter, acquisition, and roll-call states. Empirical estimates on the
number of Mode S interrogations are made and used to preset the Mode S

sensitivity and power levels according to the interference-limiting

S i, By e

L

inequalities.

-,

L L

OUTPUTS: Adjusted transmission power and sensitivity levels for each

TCAS II M-equipped aircraft.

AR

L

VARIABLES OF INTEREST

Description Variable Name

LU Lty LU g

Number of:

TCAS II M-equipped aircraft NUMTCA, ITCA

Mode S-equipped aircraft IDAB

Track file ITRACK .

i}?&}ﬂh R

TCAS II M environmental array. ICASFI :

aircraft deployment file "TIJFILE -3

Transmission power for each aircraft JTRANS é

Adjusted transmission power for AMSP 2
TCAS II M E

Sensitivity levels for each aircraft JSENS

Adjusted sensitivities for SESIT

TCAS II M-equipped aircraft
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"PROCESS:

1. LOOP over all TCAS II M-equipped aircraft.

-A.
B.
Ce.

D.

E.

F.

H.

Reset squitter, acquisition, and roll-call target counters.

Get altitude of TCAS II M.

LOOP over all 500 tracks.

1. Get aircraft number.

2, If aircraft has been removed from file, go on to the next
“track.

3. Get aircraft type.

4. If ATCRBS-equipped aircraft, go on to the next track.

5. Get slant range (nmi) between TCAS II M and victim.

6. If slant range is over 35 nmi, go on to the next track.

7. Increment the sfuitter count by one.

8. If slant range is over 30 nmi, go on to the next track.

9. Get altitude of victim.

10. 'Find the difference in the altitudes of the two aircraft.

11. If the difference in the altitudes is over 9000 feet, go on
to the next track.

12. 1If the slant range is greater than 7.16 nmi, increment the
number in acquisition range.

13. If the slant range is less than or equal to 7.16 nmi,
increment the number in roll-call range.,

END LOOP

Multiply the squitter count by the ratio of TCAS II M-equipped

aircraft to all the Mode S-equipped aircraft (all TCAS II M-

equipped aircraft are Mode S-equipped) to find the total number

of squitter targets. .

DO WHILE inequality (2-1) is not satisfied AND no more than

seven adjustments have been made. (See Reference 6.)

1, Make ‘power and sensitivity adjustment.

2. Compute interference-limiting equation.

END WHILE ‘

Set up new array of sensitivities with adjustment calculated

above.
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I. Set up new array of transmission power with above adjustment.
2. END LOOP

3. Return. 4

Called by: CIRCAS

Subroutines called: None.

Lo o Ml sl

SNV

3-32

e N R AN el S B RS o W PN A S a1 M B A R Al |

RN R AL T ST e SN A e




e m am wm WA TR W W W WO W TS OW T WO U SN W LNOW LRI XN L) WS AN L LS W ML MR NS WL LA LW mmm;mmwwwmm;xuu;m\muxwm;mﬂ
g

i

NER)

el

DOT/FAA/PM-85/23 ‘Section 3
3.3.13 Subroutine: TCAS1 é
PURPOSE: To determine the effects of deploying TCAS T-equipped (all Mode S- §
equipped aircraft are assumed to be TCAS I-equipped) aircraft in the é
. environment. §
INPUTS: Aircraft deployment file, antenna patterns, and sensitivity levels. ;
PROCEDURE: For all aircraft in the environment, the received power from each S
TCAS I aircraft is calculated. If the received power is greater than the %
receiver sensitivity, the number of TCAS I interrogatibns received is z
E
incremented by one. E
OUTPUTS: The expected number of TCAS I interrogations per second received ?
at each aircraft. %
! VARIABLES OF INTEREST
) . . . . 3
%; Description Variable Name :
0 Aircraft deployment TIFILE
i E
é Antenna patterns: §
: Top (transmitting) ANTTOP
Bottom (transmitting) ANTBOT
Bottom (receiving) PASBOT %
Top (receiving) PASTOP 4
’ Sensitivity levels JSENS 3
Expected number of TCAS I ATCRAT 7
N interrogations per second ATCRAT
PROCESS:
1, LOOP over all aircraft, selecting only TCAS I-equipped aircraft.
A. Get latitude, longitude, and altitude of TCAS I.
B. LOOP over all aircraft. 3
1. Get latitude, longitude, and altitude of victim aircraft. j
2, CALL BEAR: Get horizontal distance between two aircraft.
3-33 3
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3. Find the difference in altitudes (nmi).

4. Determine the angle hetween the aircraft.

5. Using that angle, look up the antenna gains for top and
bottom antennas.

6. Determine total gain (add TCAS I gain to victim gain).

7. Calculate free space power loss.

8. Using results from 1.B.6 and 1.B.7, find received power.

9, IF received power is above sensitivity level of victim
(i.e., signal is detectable) THEN
a. bouﬁt ohe interrogation at that aircraft.

10) END IF

C. END LOOP

2. END LOOP

3. Return.

Called by: CIRCAS

Subroutines called: BEAR
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Section 3

3.3.14 Subroutine: ANTGAN
H

PURPOSE: To store elevation antenna patterns betwénn TCAS II M-equipped

aircraft and victim aircraft.

INPUTS: Aircraft deployment file, TCAS II M environmental file, TCAS II M-

equipped pointer file, antenna gains, and TCAS II M-equipped aircraft
identity.

PROCEDURE: The antenna coupling between each TCAS II M aircraft and all other

aircraft is computed based on the elevation angle between the aircraft.

The value of the antenna coupling is stored in the aircraft deployment %
file,

OUTPUTS: Aircraft deployment file. ?

VARIABLES OF INTEREST

Description Variable Name
Aircraft deployment file TIFILE K
TCAS II M environmental file ICASFI é
TCAS II M pointer file I 4
Antenna patterns:
Top (transmitting) ANTTOP
Bottom (receiving) PASBOT :
Bottom (transmitting) ANTBOT {
Top (receiving) PASTOP ]
PROCESS:

1. Find the location of the TCAS II M in the aircraft deployment- file.
2. Get the altitude of the TCAS II M. :
3. LOOP over all aircraft.
A. Reset the gain column of the aircraft deployment file.
B. IP the aircraft is within 50 nmi of the TCAS II M THEN

1. Get the aircraft's altitude,
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2. Get the slant range between the two.

. 3. Calculate thé difference in their altitudes,
4., Calculate the horizontal distance between them. %
5 Calculate the elevation angle between the two aircraft.

6. Look up the couplings at the calculated angles and .
interpolate to find a more exact approximation.
7 Store the couplings. o ]
C. END IF

4. END LOOP

5 Return.

Called by: CIRCAS

Subroutines called: None,

R

/
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3.3.15 Subroutine: PFRUITA

PURPOSE: To determine the fruit received at the TCAS II M-equipped

aircraft. To compute the reply efficiency for each aircraft.

INPUTS: Interrogation and suppression rates for each aircraft, TCAS II M
environmental array, aircraft deploymemt file, TCAS II M-equipped aircraft

identity, transmission power and sensitivities for each aircraft.

PROCEDURE: For all aircraft in the environment, the probability of reply is
calculated from the dead time caused by all incoming intgrrogations and
suppressions. The ATCRBS fruit rate due to a given aircraft is the
product of the received ATCRBS interrogation rate times the probability of
reply. The total fruit rate at each TCAS II M aircraft is found by
summing the fruit rates contribution from all aircraft within. range of the

TCAS II M aircraft.

OUTPUTS: Fruit seen by TCAS II. M, probability of reply for each aircraft.

VARIABLES OF INTEREST

Description Variable Name

Interrogation rate for each aircraft IADJIN

Suppression rate for each aircraft IADJSU

TCAS II M environmental array ICASFI

Aircraft deployment. file " TJIFILRE

Interrogation and suppression‘totals STAT
from previous second

Misaddressed totals from previous MIS
second

TCAS II M identity II

Transmission power for each aircraft JTRANS

Sensitivity level for each aircraft JSENS

Fruit level seen'by TCAS II M-equipped FRUIT
aircraft

Probability of reply for each aircraft PREP
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PROCESS: -
1. IF at the beginning of a new search cycle THEN
A. LOOP over all aircraft,

1. Save misaddressed totals from last second. ’ %
2. Save interrogation totals from last second. .
3. Save suppression totals from last second. 1
B. END LOOP . :
2. END IF

3. Locate the TCAS II M aircraft in the list of aircraft,
"4, Zero out fruit counter for the TCAS II M.
5 LOOP over all aircraft.

A. If victim aircraft is out of range of the TCAS II M, go on to i
the next aircraft.
Find the type of the victim aircraft.

¥

Get number of interrogations victim received during the previous

i g

second.

Get suppressions of victim from previous second.
IP ATCRBS-equipped aircraft THEN 1
1 Set suppression kime to 35 microseconds. :
2. Set dead time due to interrogations to 60 microseconds,
ELSE

1 Set suppression time to 20- microseconds.

2. Set interrogation dead time to 24 microseconds. 4
END IF ]
Calculate the total dead time due to interrogations.

Calculate the total dead time due to ground ATC, TCAS II M

suppressions, and TCAS II M misaddresses.

Sum the above to find the total dead time.

Estimate and store the probability of reply for that ajrcraft.
Compute antenna coupling between victim and TCAS II M-equipped

aircraft.

[ N T LS

Get propagation loss between TCAS II M-equipped aircraft and

victim aircraft from TCAS II M environmental file.
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N.

Re

Add this power to the transmission power of the victim in 4dBm

plus a constant adjustment factor.

Make further adjustments if victim aircraft is TCAS I[1 M-

equipped.

add this power to the gain to get total power.

IF. total power is greater than the TCAS II M-equipped aircraft's

sensitivity, THEN

1. Compute and store the fruit received at TCAS II M-equipped
aircraft from victim aircraft.

END IF

6. END LOOP

7. Return.

Called by: CIRCAS

Subroutines called: None.
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3.3.16 Subroutine: DISMOD N

PURPOSE: To schedule Mode S discrete interrogations, K

INPUTS: Adjusted TCAS II M sensitivities, TCAS II M environmental file, TCAS
II M identity, aircraft deployment file, fruit level seen by each TCAS II
M, adjusted TCAS II M power levels, misaddresses, total interrogations
received by each aircraft, maximum interrogation failures allowed for each
scan of each acquisition trial, aircraft sensitivities, Mode S track file,

TCAS II M pointer file, simulation time, and aircraft transmission powers.

PROCEDURE: Each aircraft in the track file of the TCAS II M is examined and

its state is determined. Using statistical methods, this subroutine

schedules discrete Mode S interrogations and simulates the development of

e

target track states. The victim aircraft are moved from state to state as

necessary and the various timers are adjusted as necessary.

OUTPUTS: Mode S replies received at each TCAS II M-equipped aircraft, Mode S

addresses to each aircraft, Mode S interrogation counter, number of victim

V"«‘

g' aircraft in dormancy, acquisition counter, dormancy counter, roll call ;
g counter, squitter state counter, null state counter, number of aircraft %
k) TCAS II M has of interest in roll call, top or bottom antenna indicator,
; victim aircraft identity, the number of TCAS II M transmissions, and the
Mode S track file, z
3 -
? VARIABLES OF INTEREST
& Description Variable Name * 3
2 pdjusted TCAS II M sensitivities SESIT 4
Interrogation rate at each TCAS IT M  DRATE g
f TCAS II M environmental file ICASFI é
%/ 'CAS II M identifier II %
%‘ Type of each aircraft IJFILE :
# Aircraft deployment file TIFILE é
” ;
»
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Fruit level seen by each TCAS II M FRUT'
adjusted TCAS II-M power levels AMSP
Misaddresses MIS :
Addresed rate to each aircraft DINTRT
Total number of interrogations UPRATE
received
Maximum 1nterrogat10n rate 1in IROL
v roll call

Maximum failed interrogations/scan

Trial 1 ITRIIN
Trial 2 ITRIL2
Trial 3 ITRIL3
Trial 4 and above ITRIL4
Mode S interrogation rate count ACQSUM ;

Number of aircraft in dormancy state DORSUM

Acquisition counter MAQ

Dormancy counter MDOR

Roll call counter MROL

Squitter state counter MSO |
Null state counter NULL ;
Number of aircraft in roll call ROLSUM

Aircraft sensitivities JSENS

Indicates where TCAS II M transmitted TITOB

Victim aircraft K

TCAS II M transmissions LPLUS

Mode S track file ITRACK

TCAS II M pointer file 1111 ]
Elapsed time in simulation ITIME %
aircraft transmission powers JTRANS ;
PROCESS:

Te IFP at the beginning of a search cycle THEN i
A. Zero out counters for roll call, dormancy, acquisition, and null :
states, as well as the interrogation, suppression, and

misaddress counter arrays.
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2. END IFP

3. Set the number of Mode S tracks to 500. :

4. Zero out the interrogation counter at the TCAS II M.

5. Locate TCAS II M in aircraft characteristics file.

6. Find the altitude of the TCAS II M in statute miles.

7. Initialize the number of interrogations sent by TCAS II M to zero.

8. Initialize the number of other TCAS I1 M-equipped aircraft detected
by the given TCAS II M to zero.

9. LOOP over the 500 tracks.

A. Skip if there is no aircraft in this track. 3

oila?
0

e

o
-~

"

s Kl

2

P X

B, Get identity of aircraft in track. E

P, M

c. Determine the floating point and integer averages of the number

{

of interrogations received by the victim aircraft.
D. Find the differerice between the floating point and integer
averages. ;
E. CALL RANN: Get a random number.
F. IF the random number is greater than the fractional portion of
the average THEN
1e Add one to the integer average.
Ge. END IP
H. IP the integer average is less than one THEN
1 Set it equal to one.
I. END IF
J. _Find the altitude of the victim aircraft in statute miles. :
K. Find the absolute difference in the altitudes of the two -
aircraft. :
L. Get the slant range between the two aircraft. é
M. Find the victim aircraft type.

N. Skip the rest of this loop if victim is ATCRBS~equipped.

0. Get the received power at the victim aircraft from the TCAS II M 3
transmissions.
P. Find the interrogation power of the TCAS II M.

Find the reply power of the victim.
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R. Determine the antenna gains of the TCAS II M-equipped aircraft
and the victim aircraft and sum them to find the total gain.
S, The total interrogation power is the quantity found in 9.P plus ]
the total gain. ;
T The total reply power is the quantity found in 9.0 plus the ;
total gain. .
U, IP the victim aircraft is TCAS II M equipped AND its reply power
is above the sensitivity of the TCAS II M THEN
1. CALL TSQUIT: Count the TCAS II M-equipped aircraft
" detected by squitter and set the squitter start time. ;
Ve END IF
We IF the fruit seen by the TCAS II M-equipped aircraft is less
than 100 THEN
Te set the fruit level to 100,
X. END IF '

Ye Find the probability of clear reception of the victim aircraft's

(RN ISR SRURRL)

reply signal by the TCAS 1I M-equipped aircraft using a curve-
fitting technique. (The probability of clear reception depends ;
on the received power and the fruit level seen by the TCAS II ]
M. ' The curves were supplied by Lincoln Laboratory and are
sinusoidal in nature on the intervals under consideration.)

Ze Find the maximum relative velocity of the two aircraft.

AA, FPind the Time to Endanger (TE = range/maximum relative
velocity).

BB. Set the decode indicator to zero (false).

CC. Get the trial, scan, clock, and state values from the Mode S

- track file.

DD. IPF the victim's reply power is below the TCAS II M-equipped

E

aircraft's transponders instantaneous sensitivity THEN
1. Set the probability of decode to zero.
EE. END IF
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FF. IP the victim's reply powcr. is below the TCAS IT M sensitivity L
.OR the victim is currently in the null state THEN {
1. Set the number of sguitters received equal to zero. E
2. Increment the null state counter by one.
3. CALL RANN: Get a random number.
4. IP the random number is less than the probability of decode
AND the: aircraft is in the null state THEN
a. Increment the numbér of received squitters by one.
5 END IF
6. IF the TCAS II M received one squitter from the victim THEN
a. Place the aircraft in ihe squitter state.
b. Set the timer to 16 seconds. (This is the time during
which a second squitter must be received in order for

the aircraft to be placed in a higher state).

a. Place the aircraft in the null state, %

b, Set the timer to zero,

Ce Set the scan number to zero,

d. Set the trial to zero.

e. Set the acquisition correlating reply indicator equal
to zero.

8. END IF

GG. ELSE IF the aircraft is in the squitter state THEN
1. Decrement the timer by one.
2. Increment the squitter' state counter by one.

3. IF the sequence of scans has begun THEN

[T L SN

a. IF on the first scan THEN M
Te Set the clock increment to 20.
b. ELSE IF on the second scan THEN
1. Set the clock increment to 16.
o ELSE IF on the third scan THEN
1. Set the clock increment to 8. !
d. ELSE IF on the fourth scan THEN

1e Set the clock increment to 4.
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FELSE
1, Set the clock increment to 2.
END IF
LOOP over the average number of TCAS II M
interrogations.
1e CALL RANN: Get a random number.
2. IF the random number is less than the probability
of decode THEN
a. Add the clock increment to the timer.
b. Set the decode indicator to one (true).
3. END IF
4. IP the clock has reached or exceeded zero THEN

ae Put the victim aircraft in the acquisition
state;
b, Set the scan indicator to zero.
c. Proceed to the next trial,
d. IP the trial number is greater than four
THEN /
1e Set the trial to four.
e. END IF
£. Zero out the clock.
ge Store the clock, trial, scan, and state
values.
he Return.
5. END IP
END LOOP
CALL RANN: Get a random number.
IF the random number is less than the probability of
clear reply THEN -
1 2dd the clock increment to the timer.
END IF
IP the timer has reached or exceeded zero THEN
Te put the victim aircraft in the acquisition state.

2. Set the scan indicator to zero.
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3. Proceed Lo the next trial.
4. IF the trial number is greater than four THFN
a. Set the trial number to four.
Se END IF
6. Zero out the clock. o
1 m. ELSE IP the timer is less than or equal to -40 THEN
1e Place the aircraft in the null state. .
2. Set the trial and scan indicators to zero. ;
3. Zero out the clock.:
4. Set the acquisition reply indicator to zero.
n. END IF
4. ELSE IF the timer is greéter than or equal to -1 THEN
a. Set the number of squitters received to zero.
b, LOOP over one lesg than the average number of TCAS I ]
M interrogations. )
1. CALL RANN: Get a random number. ]
2. IF the random number is less than the probability
of decode THEN
Q. Set the decode indicator to one (true),
‘b. Add one to the number of squitters received.

c. END LOOP

3. END IF
Ce END LOOP 4
d. CALL RANN: Get a random number.

€. IF the random number is less than the probability of
clear reply THEN
1e Add one to the number of squitters received. j

f. END IF

g. IF the number of squitters received is not equal to
zero THEN
1. IF a squitter has been correctly decoded AND the
altitudes of the two aircraft differ by more than :
9000 feet THEN |

a. Set the clock to 16 seconds.
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2. ELSE
a. Place the victim aireraft in the aecquisition
state.
h. Increment the trial number if it is less
than four,

c. - Set the clock to zero.

3. END IF
h. END IF
ELSE
a. Set the clock to zero.
b. Place the aircraft in the null state.
Ce Set the trial and scan indicators to zero.
d. Set the acquisition reply indicator to zero.
END IF
IF the victim aircraft is in the acquisition state THEN

Increment the scan indicator.

Increment the acquisition counter.

IP all six scans of the trial sequence have been completed

THEN
a.
b.
Ce
d.
ELSE

Qe

b

Place the victim aircraft in the squitter state.
Set the scan back to zero.
Set the clock to zero.

Set the acquisition reply indicator to zero.

Look up the number of failed interrogations allowed

during this scan,

IF the number of failed interrogations is not equal to

zero THEN

1. °~ Set the correlating reply counter to zero.

2, DO WHILE the TCAS II M has received less than two
correlating replies AND the maximum number of
failures has not been exceeded.

a. CALL RANN: Get a random number between zero

and one.

”
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i :
bh. Increment the TCAS II M transmission counter
N .
(r) :
o : by one. y
1,
’Q— c. Determine from which TCAS II M antenna the
v
§§ victim aircraft received the interrogation, ¥
i d. Add one to the Mode S interrogation rate :
b _‘. ._1
ﬁq counter.,
él €. Increment the TCAS II M interrogation rate
. -
3@ counter,
f. IF the interrogation power received by the
(%N
ﬁg victim is greater than or equal to its
b\ V] .
E@ sensitivity THEN
b
3& 1 Increment the Mode S address counter.
- 2. IF the random number is less than the
o X
%% . probability of the TCAS II M receiving 1
7 . 3
ﬁg a correlating reply THEN ]
b
%g a. Increment the correlating reply
counter,
o
& 3. END IF
5%
R4 4. IF the TCAS II M has received two
> {}i
§¢% correlating replies THEN
! a. Set the sgcan and trial indicators
& .
Qéﬁ to zero.
1 s s
%ﬁ b. Reset the acquisition reply
[}
é@ indicator.
il
c. IF the time to endanger is greater E
than 43 seconds THEN
1e Place the victim aircraft in -
the dormancy state. ‘

2. Set the clock to the time to
endanger minus 43 seconds.
3. Increment the dormancy

counter.

;|
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d. ELSE
1. Place the victim aircraft in
the roll call state.

2. Set the clock to zero.

e. END IF
5. END IP
g. END IF

4. END WHILE
5. IF the TCAS II M-equipped aircraft received one
and only one reply during the scan THEN
a. IF this was the final scan OR a reply was
received during a previous scan THEN
1e IF the time to endanger is greater than
43 seconds THEN
a. Set the trial, scan, and reply
indicators to zero.
b. Place the victim aircraft in the
dormancy state.
Ce Set the clock to the time to
endanger minus 43 seconds.
d. Add one to the dormancy counter.
2. ELSE IF a reply was received during a
previous scan (but the time to endanger
is within 43 seconds) THEN
a. Place the aircraft in the roll
call state.
b, Set the clock to zero.
Ce Set the scan, trial, and reply
indicators to zero.
3. END IF
b. ELSE (if this wasn't the firal scan and no :
other replies have been received) ‘
1 Set the reply indicator to one.

Ce END IF
3-49
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3
! 6. END IP
®) c. END IF
ﬁﬁ 5. END IF ]
éé II. ELSE IF the victim aircraft is in the roll call state THEN

1. Increment the scan indicator. *
@g 2, Increment the roll call counter.
5& 3. IP all ten roll call scans have been completed THEN .
:ﬁ Ae Place the victim aircraft in the squitter state.
= b. Set the clock to 16 seconds. ;
ﬁg Ce Set the trial, scan, and reply indicators to zero.
; 4. ELSE
iﬁ as Find the maximum number of interrogations allowed. i

b. DO UNTIL a correlating reply is received. -

K 1. CALL RANN: Get a random number,
t’ 2. Increment the TCAS II M interrogation counter. .
&g 3. Determine the TCAS II M antenna from which the V
N victim received the interrogation. ;
;“ 4., Add one to the Mode S interrogation rate counter,
Q? 5. Add one to the roll call interrogation counter.
\§ 6. IF.the interrogation power the victim aircrft
:‘, received is above its sensitivity level THEN
i{ a. Add one to the Mode S address counter.
B ) b. IPF the random number is below the
'ﬁ probability of a correlating reply THEN ' .
o 1. Set the scan indicator to zero. ‘
,32 2. IP the time to endanger is greater than
}i 40 seconds THEN ';
K } . a. Place the aircraft in dormancy. ;
éh b. Increment the dormancy counter. :
i Ce Set the clock to the time to

endanger minus 40 seconds. 1

3. END I¥ ;
c. END IP :
7. END IP
3-50

R T L A S B T R R T A



e W = I R L X
T T AT X A AI N CARLA R R A R M K Y N L ey T i A M A P ol LT o

DOT/FAA/PM-B5/22 Section 3

Ce FND UNTIL,
5. END IF
JJ. ELSE IF the vichtim aircraft is in the dormancy state THEN ]
1. Decrement the clock. .
2. Increment the dormancy counter.
3. IF there is no time left on the clock THEN 1
a. Place the aircraft in the squitter séate. |
b. Set the clock to 16 seconds.
C. Set the trial, scan, and reply indicators to zero.
4. END IF

KK. END IF
LL. Store the clock, state, scan, trial, and reply information.

MM. Total the number of TCAS II M interrogations made. E
10. END LOOP ;

11« Return.

Called by: CIRCAS
Subroutines called: RANN, TSQUIT
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3.3.17 Subroutine: TSQUIT ]
e E
t:;{: 1
ﬁ@ PURPOSE: To count the number of TCAS II M-equipped aircraft detected by
§§§ squitters and to set -the squitter phase. 3
I
o5 INPUTS: TCAS II M identity, victim aircraft (also TCAS II M-equipped) 4
)
s identity, number of TCAS II M-equipped aircraft, TCAS II M pointer file,
é% elapsed time in simulation, probébility of reply for each aircraft, and i
3 3
: the TCAS IX M squitter phase.
ot -
)
}tf PROCEDURE: The number of TCAS II M aircraft that are detected by squittér i
By )
%& (NTADS) at each TCAS II M aircraft is incremented by one when the
\."
LY received power of the squitter is greater than the receiver
ﬂ? sensitivity, the probability of reception of a pulse is sufficiently é
134 high, and the TCAS IX M aircraft is not currently in the squitter
Y file, The NTADS is decremented if the TCAS II M aircraft is in the
het squitter file and the elapted time since the reception of the last §
{Ei squitter is greater than 20 seconds.
&
531 OUTPUTS: Number of TCAS II M-equipped victim aircraft detected, and the
,
) squitter phase for the given TCAS II M. E
TN 7
e
«;%:: VARIABLES OF INTEREST
ie
ﬁg: Description Variable Name ;
PLALY . . 3
el TCAS II M identity II
% victim aircraft identity K ;
§% Number of TCAS II M detected NOW :
S L
;2 Number of TCAS II M-equipped aircraft NUMTCA 1
W ]
sk TCAS II M pointer file I111 ;
I8¢ Elapsed time in simulation ITIME 1
L B
3
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Probabi lity of reply for each aircraft PREP

TCAS II M squitter phase TCS'T

PROCESS:

8.
9.

Called by: DISMOD
Subroutines called: RANN

R TS PO RTS 290 £5 5= AT TRV TRl se P Sak, Se 8 o v B Ui R LS BL e Ba0 w8 RO B AL A B A B S ..\L‘L.’.h‘...aal.c\;..‘\".-.h'.’.’.\:\...h‘-j..'\.»-\».ﬂ.‘d\&i‘}'

Get the identity of the k-th TCAS II M aircraft.,

Initialize time of last squitter if necessary.

Get time of last received squitter from squitter file.

Compute elapsed time since last received squitter (At).

IF time=1 THEN

A, Add to the squitter all TCAS II M aircraft that are detected and
have a probability of reély greater than a random number.

B. Count the number of aircraft detected by squitter.

ELSE IF At>20 and k-th TCAS is in the squitter file, THEN

A, Decrement the number of TCAS detected by squitter by 1.

B. Delete k-th aircraft from the squitter file,

ELSE IF At = 0, 10, or 20 and’the k-th TCAS is not in the squitter

files, THEN

A. IF the received power is greater than the sensitivity, THEN
1. Increment the number of TCAS detected by squitter by 1.
'2. Add k-th TCAS to squitter file. ’

B. END IF

END IF

RETURN
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AL

3.3.18 _§g§£99tinn: TCSHOT

3y

L e s

PURPOSE: To produce time-averaged values of the emission powers and

interrogation rates of all TCAS II M-equipped aircraft over a 16-second

&

smoothing period. . ‘ 3

—n

INPUTS: Total interrogations transmitted by each TCAS. I1 M-equipped aircraft

IR POL

during the past second, TCAS II M-equipped aircraft, adjusted TCAS II M

transmission power, TCAS IX M pointer file, simulation time, and

Dk
o o' A

transmission powe}s of all aircraft.

3
R

il e

PROCEDURE: For each TCAS II M aircraft, the Mode S interrogation power and

i)

LS
A
..t-.,':?

.
-~
v

&

e

interrrogation rates are stored for the previous 16 seconds of the

LU b

simulation. The average power and rates are calculated using the stored

values. If the simulation time is less than 16 seconds, the averages are

i po bl g

computed for the entire simnlation time.

3

OUTPUTS: Smoothed emission power and interrogation rate. i
VARIABLES OF INTEREST §
Description variable Name i
TCAS II M identity 11 ]
Total interrcgations transmitted by DRATE E
each TCAS II M 3
Adjusted TCAS II M transmission power AMSP ;
Smoothed emission power TIS ;
Smocthed interrogation rate TPS ;
TCAS II M pointer file I1t1 %
Elapsed time in simulation ITIME %
Transmission power of each aircraft J'TRANS i
Values of all TCAS II M emission JTA 5
powers and interrogation rates for :

the past 16 seconds
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PROCESS:
1.

2.

6'
7.

8.

Get location of TCAS TI M-cquipped aircraft of interest in general

aircraft file.

IF at the beginning of a new search cycle THEN

A. Determine which column of the array holding all values of the
interrxogation rates and emission powers for the last sixteen
seconds will be replaced with the new values.

B. IF simulation time is at least sixteen seconds, THEN
1e Set smoothing period to sixteen seconds.

C. ELSE
1, Set smoothing period to simulation time,

D. END IF

END IF

Round the interrogation rate to the nearest integer and store the

rounded value in the array holding the values from the last sixteen

seconds.

Compute the power emitted by the TCAS II M-equipped aircraft at its

last transmission and store this as an integer value in the array

holding the values from the last sixteen seconds.

Zero out the last smoothed values for this particular TCAS II M.

LOOP over smoothing time interval.

A. Sum the interrogation rates divided by the length of the time
interval to produce the time-averaged rate,

B, Sum the emission powers divided by the length of the time
interval to produce the time-averaged rate,

END LOOP

Return.

Called by: CIRCAS

Subroutines called: None.
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3.3.19 Subroutine: DISINT

PURPOSE: 'To compute Mode § addressed and misaddressed rates at each aireraft.

INPUTS: Mode S interrogations transmitted by each 'PCAS II M-equipped
aircraft, the TCAS II M-equipped aircraft identity, number of aircraft in
deployment, number of ATCRBS-equipped aircraft in deployment, adjusted
TCAS II M emission power, transponder characteristic files, array that
indicates whether the TCAS II M transmitted on the top or bottom antenna,
the number of TCAS II M transmissions, the number of TCAS II M-equipped

aircraft, TCAS II M pointer file, and the simulation time.

PROCEDURE: For all aircraft within range of the TCAS II M, the received power
from each TCAS II M aircraft is calculated. A misaddress is counted if
the received power is above the victim sensitivity, and an addressed

interrogation is counted for each Mode S-equipped aircraft.

oUTPUTS: Mode S misaddresses and addresses to each aircraft, total
addresses each aircraft received during entire simulation, and tntal

addresses each aircraft received during previous search cycle.

VARIABLES OF INTEREST

Description Variable Name

Total interrogations transmitted by CBRATE
each aircraft

TCAS II M identity II
Number of aircraft in deployment NAC
Number of ATCRBS-equipped aircraft IATCR
Adjusted TCAS II M emission power AMSP
Misaddresses at each aircraft MIS
Mode S interrogations transmitted DRATE
during previous search cycle
Total interrogations each aircraft UPRATE
received during entire simulation
Sensitivity levels of all aircraft JSENS
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Number of addressed interrogations ADRESS
received .
Indicator of whether TCAS II M T'rOR
transmitted on its top or hottom
antenna
Number of TCAS II M transmissions LPLUS ;

Number of TCAS II M-equipped aircraft NUMTCA

TCAS II M pointer file I

) Simulation time ITIME
Transmission power for all aircraft JTRANS §
PROCESS:

1. Get TCAS II M identity.
24 LOOP over all aircraft.
A, Skip all aircraft not within range of TCAS II M.
B. Get antenna couplings between TCAS II M-equipped and victim
aircraft.
C. Get victim aircraft type.
D. LOOP over all TCAS II M transmissions
1. Determine which TCAS II M antenna transmitted the
interrogation.
2. Determine on which antenna the victim aircraft received the
TCAS II M signal.
3. Sum the gains associated with the two antennas ahove to
determine the total gain.
4. Get the free space propagation loss from the TCAS II M
environmental file.,

5 Get the TCAS II M transmission power in watts and

kilowatts.

6. Calculate the total power loss in dB and add it to the
total gain to determine the power received at the victim
aircraft.

7. If this power is greater than the victim sensitivity, count
a misaddress.

o END LOOP
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3. END LOOP i : ‘
4. IF at end of search cycle, THEN
A. LOOP over all aircraft.
1) IF not ATCRBS-equipped aircraft THEN
a. Increment Mode S interrogation counter.

2. END IF

v .
Jﬂ%ﬂ
»

é% 3. Add new Mode S addresses to all past addresses to get total é
%ﬁ' for simulation. e
K

4, Set address rate equal to interrogation counter. 1
S Zero out interrogation counter.
B. END LOOP
5. END IF

6 Return. E

Called by: CIRCAS

Subroutines called: None,

it s
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3.3.20 Subroutine: ATMOD

PURPOSE: To determine the TCAS TI M whisper-shout interrogation rate at each

aircrart.

INPUTS: TCAS II M top antenna sum patterns, TCAS II M top antenna
difference patterns, 'TCAS II M environmental file, antenna couplings
between TCAS II M and victim aircraft, TCAS II M identity, number of
aircraft in deployment, sensitivity level of all aircraft, TCAS II M
pointer file, TCAS II M interrogations to ATCRBS-equipped aircraft,
TCAS II M-produced ATCRBS suppressions, TCAS II M interrogations to %
Mode S, TCAS II M-produced Mode S suppressions, simulation .time, :
transmission power levels of all aircraft, whisper-shout truncation, and

elevation antenna patterns for all five TCAS II M antennas. i

PROCEDURE: For each aircraft within 50 nmi of the given TCAS II M, the
received power of each whisper-shout interrogation and suppression is 3
computed. The number of suppressions received at the victim is %
incremented whenever the received power is greater than the victim
receiver sensitivity, and the number of interrogations received is
incremented when the received power =5 greater than the sensitivity an§ a

suppression did not occur.

QUTPUTS: TCAS II M interrogations to ATCRBS, TCAS II M-produced ATCRBS
suppressions, TCAS II M interrogations to Mode S, TCAS II M-produced

Mode S suppressions., §

VARIABLES OF INTEREST

Description Variable Name

TCAS I1I M top antenna sum patterns AZPAT 3
TCAS II M top antenna difference patterns DIFPAT
TCAS II M environmental file ICASFI

Antenna couplings beteen TCAS II M- IJFILE
equipped and victim aircraft

3-59

gt
b

T A O Sy AT U L AN L L T



S S U A A . . o
S R T D O T L e R S W U O L W R W NN W P SN K Y BT XL R A L L LU L LK W w1 ML e % o

L
pt
5
(20
R
g&%’é DOT/FAA/PM-85/22 Section 3
o
2
o
{ TCAS II M identity r
R
ﬁﬁ% Number of aircraft in deployment NAC
S
By
'zi% Sensitivity levels of all aircraft JSENS
e TCAS II M pointer file I
Pal e
TCAS II M interrogations to ATCRBS IATIN
"‘E‘ 1
’%:533 TCAS II M-produced ATCRBS suppressions IATSU
t;1'§‘| TCAS II M interrogations to Mode S IDABN
& . -
@g& TCAS II -M-produced Mode A suppréssions IDABS
AR
Simulation time ITIME
[T ] . . .
ﬁéﬁ Transmission power of all aircraft JTRANS
ol . ;
?%ﬁ Whisper-shout truncation ILWS
e
ﬁkﬁ Truncation sequence:
Sk
BN
i Back antenna IPRB
O
%gg- ottom antenna IPRBO
g'é’ Front antenna IPRF
Yot
¥ : -
&&& Side antennas IPRS
PROCESS::

1. Get location of TCAS II M.
2. LOOP over all aircraft,

[ ) A. Skip if aircraft is out of TCAS II M range.

S o
E'#g{:l B, Find victim aircraft type.
{
?i c. Find relative bearing (in degrees) between two aircraft.
Qﬁﬁ D. Get sensitivity of victim aircraft.

N E. Get antenna couplings.
F. Find free space propagation loss between the two aircraft.
G. Get transmission power of TCAS II M in watts.

He. Find the total power without antenna gains (TCAS II M

transmission power - free space propagation loss - cable
losses).

I. IP the received signal is undetectable (less than -84 dBm) THEN
1. END LOOP

Je END IF

K. Find gain at victim antenna.
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L. Get inteyer designating 90 degree sector between TCAS [I M and
- victim.
M. LOOP over five  TCAS TIT M antennas.
1, IF integer designating 90 deqree sector being analyzed is
greater than 36 (360 degrees) THEN 4
a. Set it equal to 36 (360 deygrees).
2. ELSE IF integer designating 90 degree sector being analyzed
is less than zero THEN

a. Add 36 (360 degrees) to it to make it positive.

Lo

3. ELSE IF integer designating 90 degree sector equals zero
THEN

PR

A SISV,

a, Set it equal to one (10 degrees).

e,

<%
>

40 m IF 3

Bt

Se Get sum antenna pattern.

535

.

6. Get difference antenna pattern.
7. Move to next 90-degree sector if next antenna is not a
front antennae.
8. Set drop between whisper-shout emissions to 3 d4B. 1
9. LOOP over all whisper-shout levels,
a. IF analyzing bottom antenna THEN
1, Get whisper-shout power from array IPRBOT.
b. BLSE IP analyzing top front antenna THEN

1. Get whisper-shout power from array IPRF.

|
Py

c. ELSE IF analyzing right side antenna THEN

DS

- 1. Get whisper-shout power from array IPRS.
d. ELSE IF analyzing rear antenna THEN

1. Get whisper-~shout power from array IPRB.
e. FELSE (left side antenna)

1. Get whisper-shout power from array IPRS.
f. END IF ]

ge. IP the amount of power cut in interference limiting
exceeds or equals the whisper-shout power for the
given antenna THEN

1. END XLOOP
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END IF

Subtract the level bheing analyzed from the total
numhec of levels to get the total attenuation.
Find the interrogation power by subtracting the

attenuation from the total power,

Find the suppression power iy subtracting the whisper-

shout power drop from the interrogation power.

If at the first level of the sequence, set the
suppression power to -100 dBm.

Decrement the whisper-shout power drop by one,

IP the whisper-shout power drop is less than one dB
THEN

1. Set the whisper-shout power drop equal to 3 dB.
END IF '

IF the whisper-shout power drop is equal to 1 dB AND
the victim aircraft is ATCRBS-equipped THEN

1. Set the whisper-shout power drop to 3 4B.

END IF

Find the total antenna gain by adding the appropriate
'CAS II M gain to the victim aircraft gain.

Find the sum interrogation power by summing the TCAS
II M sum antenna gain, the interrogation power, and
the total antenna gain.

Sum the interrogation power, the TCAS II M difference
antenna pattern, and the total antenna gaia to find
the interrogation difference power,

Sum the suppression power, the sum antenna pattern,

and the total antenna gain to find the suppression sum

power.,
Zero out the omnidirectional antenna's interrogation
power.,

IFP analyzing bottom front antenna THEN

1. Set omnidirectional power equal to the sum of the

total power and the total antenna gain.
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2e IF at first level of whisper-shout THEN

. Subtract 19 dB from the omnidirectional
power.

b IP victim aircraft is an ATCRBS-equipped
aircraft THEN
1. Set omnidirectional suppression power

to -110 dBm.

Ce ELSE
2. IP at first level of whisper-shout THEN

d. END IF

3. ELSE IF at second whisper-shout level THEN

a. Subtract 17 dB from omnidirectional
interrogation power.

bhe Set omnidirectional suppression power 3 dB
lower than omnidirectional interrogation
power,

4. ELSE IF at third whisper-shout level THEN

a. Subtract 15 dB from omnidirectional
interrogation power.

b. Set omnidirectional suppression power 3 dB
lower than omnidirectional interrogation
power.

5. ELSE IF at last whisper-shout level THEN
a. Subtract 13 dB from omnidirectional
. interrogation power.
be Set omnidirectional suppression power 3 dB
lower than omnidirectional interrogation
power.,
6. END IP
7. Set difference interrogation power, sum
interrogation power, and sum suppression power to

Z2€ro.
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(X

0‘(

ﬁ 8. IP omnidirectional suppression power is greater
than or equal to victim sensitivity THEN

)

f% a. Add a suppression at victim in Mode S

}

2, suppressions array if victim is Mode S- or

' TCAS II M-equipped, or in ATCRBS

suppressions array if victim is ATCRBS-
W ‘.
Qv equipped.

9. ELSR IF omnidirectional interrogation power is
greater than or equal to victim sensitivity THEN
a. Add an interrogation at the victim aircraft

to the ATCRBS interrogations array or the

Mode S/TCAS II M interrogations array,

T
o

depending on whether the victim is Mode

2.2,

S/TCAS II M-equipped or ATCRBS-equipped.
10. END IF
Xe ELSE

1e IP sum suppression power is greater than or equal

RS |

to victim sensitivity THEN

\J ]
§§ a. Add a suppresion at victim in Mode S ]
:. suppressions array if victim is Mode S- or :
.J’u

, TCAS II M-equipped, or in ATCRBS

) suppressions array if victim is ATCRBS-

oy
i

equipped. B

&9

2. ELSE IF sum interrogation power is greater than

difference interrogation power AND sum 3

”~ -
o T

interrogation power is greater than or equal to

-

a3 victim sensitivity THEN

h¥X

% a. Add an interrogation at the victim aircraft .
s to the ATCRBS interrogations array or the

b j

Mode S/TCAS II M interrogations array,

depending on whether the victim is Mode

o

W

4

%@ S/TCAS II M-equipped or ATCRBS-equipped.

4 . ;

o 3. END IF ;

it ) 3
Ye END IF {
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10. END LOOP

N. END LOOP
3. END LOOP

4. Return.

Called by: CIRCAS

- Subroutines called: None.

(§
1
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3.3.21 Bubroutine: INTLI

PURPOSE: To adjust TCAS II M power and sensitivity as necessary to ensure

that the three interference limiting inequalities are satisfied.

INPUTS: Adjusted sensitivity levels of TCAS II M-equipped aircraft, TCAS II M
identity, adjusted power levels of TCAS II M, sensitivity levels of all
aircraft, number of TCAS II M-equipped aircraft detected, smoothed
emission powers, smoothed interrogation rates, TCAS II M pointer file,

elapsed time, and transmission power of all aircraft.

PROCEDURE: Interference-limiting adjustments are made to satisfy the

following three inequalities:

I P(1i) 280

z < . (2-1)
i=1 250 watts 1 + NTA

I

2 M(i) < 2.01 second (2-2)
i=1

K PA(k) 80

by < (2-3)

k=1 250 watts 1 + NTA

The symbols in the above equations were described in Section 2. Figure

3-2 illustrates the logic flow of the interference-limiting process.

OUTPUTS: Adjusted sensitivity level of TCAS II M, adjusted power level of TCAS
II M, 16-second freeze counter, inequality (2-3) satisfaction indicator,

total ATCRBS power radiated, peak ATCRBS power, whisper-shout truncation,
and number of TCAS II M-equipped aircraft detected.
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VARIABLES OF INTEREST
Description

Adjusted sensitivity levels of TCAS II M-
equipped aircraft

TCAS II M identity

Adjusted power levels of TCAS II M

16-second freeze counter

Whisper-shout steps allowed for each
TCAS'II M

Peak ATCRBS power

‘Total ATCRBS- power radiated

Sensitivity levels of all aircraft

Number of TCAS II Mrequipped aircraft
detected

Smoothed emission powers

smoothed interrogation rates

TCAS II M pointer file

‘Elapsed time

Transmission power of all aircraft

Return Point Indicator

e D AR R AR T RS T AL TR RS AT WA SN S WL W 1A LA bd LR A

A WAL A AL A AT W R UM R AU b N AT Pt Noin e v Fonod 88 2 Pl Nt s Nk o Son b

Section 3

Variabhle Name

SESIT

Ix
AMSP
IRESET
NWSL

PMAX
TPOW
JSENS
NOW

TI1S
TPS
I
ITIME
JTRANS
IRETRN

‘PROCESS:
1. Get identity of TCAS II M-equipped aircraft.
2, Decrement 16-second freeze counter.
3. Compute right-hand side of Equations 1 and 3 (RSEQ1, RSEQ3).
4. Eliminate whisper-shout (w~-s) steps to satisfy Equation 3.

A,
than RSEQ3, THEN
1e

a.
be Return,

2. END IF

3. Remove 1 w-s level.

4. Go to step 5.
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B. EWO IF
5. Check 16-gecond freeze clock.
6. IP freeze clock > 0, THEN
1. Set return indicator to 1
2. Return.
7. ELSE
A. Check Equatiéns 1 and 2.
B. Compute total Mode S power transmitted.
Ce. Compute total w-s power transmitted.
D. Compute total Mode S + w-S power.
E. Compute total self-suppression deadtime.
F. IP Bquation 1 and BEquation 2 are satisfied, THEN
1. IP Mode S range is greater than ATCRBS range, THEN
a. Check to see if all w-s levels are used.
b. Compute total w-s péwar-radfated with 1 additional
w-s level,
Ce IP Equation 3 is satisfied with: new total w-s power,
THEN
1. IF Equations 1 and 2 are satisfied with one
additional w-s step, THENW
a. Add 1 w-s level.
b. Go to Step 7.
2. ELSE
a. Set return indicator to 3.

b. Return,

3. END IF
d. END IF
2. END IF

3. IF Instantaneous Mode S power is less than maximum Mode S
power and instantaneous sensitivity is greater than minimum
sensitivity, THEN
a, Increase Mode S power by 1 dB.

b. Decrease sensitivity by 1 d8.

C, Reset freeze counter,
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et returrn indicator to 4.

[}

a, :
e. Return.

4. ELSE
a. Set return indicator to 5.
b. Return,

Se END IFP .

G. ELSE
1. IP Mode S range is greater than ATCRBS range, THEN -

ae Decrease Mode S power by 1 dB.
b. Increase sensitivity‘by 1 dB.
C, Reset freeze counter,
d. Set return indicatér‘to 6.
e, Return.

2. ELSE
a. Delete 1 w-s level -

b. Go to step 7.

3. END IF
H, END IF
8. END IFP

9. Return

10. End

Called by: CIRCAS
Functions called: HIATPW
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3.3.22 FUNCTION -HIATPW

E |

!: PURPOSE: This funétiqn determines the highest whisper-shout power sent when a é
total of N whisper-shout steps are transmitted. ;

}

INPUTS: Number of whisper-shout levels used. i

) N
PROCEDURE: The highest power transmitted over the top antenna in the front g

lobe is determined using Figure 2-1 and the- number of whisper-shout steps

transmitted by a given TCAS II M- aircraft.

OUTPUT: Highest whisper-shout power transmitted.

VARIABLES OF INTEREST

-Description . variable Name ?

C . . I g
Highe¢st transmitted power HIATPW : E
Number of whisper=shout levels sent NWSL :
‘PROCESS: ; %

I

1. Use of number of whisper-shout levels sent to £ind the highest

priority level sent.

Ty 1

2. IF the highest priority sent > 79, THPM

Find the highest power level sent on the tep autenna,

3. ELSE A
Find the highest power level (in dBm) sent on the bottom
antenna.

® 4. END IF-

{

5. Convert the power level to watts.

6. Return.

Called by: INTLI

Subroutines called: None.
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3.3.23 Subroutine: STATS

PURPOSE: To write out the TCAS II M parameters of interest after each -second.

1i.PUTS: BAll ommon variables of interest.

I T R I T AR P T T

PROCEDURE: At the end of each second, the TCAS II M variables of interest are
written for each TCAS II M aircraft. Thé mean values of the variables of
interest are computed by averaging over all TCAS II M aircraft in the

environment.

OUTPUT: TCAS II M statistics.

VARIABLES OF INTEREST

Deéscription ’ variable Name
Afréraft ID N

TCAS II M ID II
Probability of Reply -PREP

Number of fruit received FRUIT

* Number of TCAS II M detected by squitter Now
Mode S interrogation rate DRATE
Number of Mode S acquisition interrogators ACQSUM

‘Number of Mode S roll-call interrogators ﬁOLSUM

Number of Mode S misaddresses received MIS f
‘Number of aircraft in the track file NACTRIC E
Number of aircraft in the null state NULL

‘Number of aircraft in the squitter state MSQ b

Number of aircraft in the acquisition
state MAQ

Number of aircraft in the roll-call state MROL

Number of aircraft in the dormant state MDOR
Number of whisper-shout steps sent NWSL
Total Modé S and ATCRBS power sent TPOW
Maximum Mode S power ﬁransmitted MAXMSP
3-72 /
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Mode S freeze counter IRESET

Interference limiting condition indicator  IRETRN

PROCESS:

’1 .-

2
3.

5.

64

7.
,8.

IF First TCAS II M aircraft in file, THEN
as Write heading:
be Clear array containing averaged values.
END IF
Convert specific real-valued variables to inteqger format.
Write out variables of interest.
Compute the sum of each variable of interest over all TCAS II M
aircraft.
IP Last TCAS II :M aircraft in file, ‘THEN
a. Compute -the average for the variables of interest.
b. Wrrté'thevaverage value for the variables of interest.
END IF

Return.

Called- By: CIRCAS

Subroutines called: None.
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3.3.24 Subroutine: FILES

Section 3

‘PURPOSE: To create an output disk file to be used as input data to the

DABS/ATCRBS/AIMS PPM which will determine net effects of deploying TCAS

systems in the environment.

"INPUTS: Total interrogations received by each TCAS II M, number of aircraft,

number cf whisper-shout levels each TCAS II M-equipped aircraft uses, Mode

S addresses and misaddresSes, 'ATCRBS and Mode S interrogations and

*

7

suppressions due to TCAS II M, and TCAS I interrogations at each aircraft.

3

PROCEDURE: In a loop over all TCAS II M aircraft, the total amount of mutual

suppression time (due to receiver turn-off during interrogations) is

calculated., The following -quantities for each airCréft are output to a

digk file: Mode S addresses: and misaddiresses, Mode S and ATCRBS

interrogations and ‘Suppressions due to TCAS II M emissions, TCAS I

interrogations, and TCAS- IT M mutual suppressicn time.

OUTPUTS: Mode S addresses and misaddresses, ATCRBS and Mode S interrogations

and suppressions due to TCAS II M emissions, TCAS. I interrogations, and:

total amount of TCAS II M suppression time.

VARIABLES OF INTEREST
Description

Tétal TCAS II M suppression time
Mode S misaddresses

Mode S addresses

ATCRBS interrogations

ATCRBS suppressions

Mode S interrogations

Mcde S suppressions

TCAS I interrogations

3-74

variable Name

AMTSUP
MIS
ADRESS
TATIN
IATSU
IDABN
IDABS
ATCRAT

ER e e e e e S 2 S |
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Total interrogations received by TCAS [1 M DRATE ' %
Number of aircraft NAC é
Number of whisper-shout levels used by NWSL 1

each TCAS II M

PROCESS: , J
1. Set TCAS II M counter to zero.
2. LOOP over all aircraft.
a. IF TCAS II M-equipped aircraft THEN
1. Increment TCAS II M counter.
2. Calculate total TCAS II M suppression time in microseconds using
above counter to locate correct TCAS II M in arrays
{Suppression time = 60.0 times the number of whisper-shout steps

TCAS II M is using + 100.0 times total interrogations received %

by TCAS II M transponder).
B. ELSE

L B

e,

1. Set total TCAS II M suppression time to zero.
C. END IP

AL

ol

» D. Write the following quantities to output file: Mode S addres-es and

misaddresses, Mode S and ATCRBS interrogations and suppressions .due

oal L Mt 1 S e

to TCAS II M emissions, TCAS I interrogations, and total TCAS II M
suppression time.

3. END LOOP

ol My kg S

4. Return.

Called by: CIRCAS :

Subroutines called: None.

3-75/3-76 :
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APPENDTX A
TCAS SIM DATA DICTIONARY

The following data dictionary describes each common variable for

- understanding the code.
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DOT/FAA/PM-85 /22 Appehdix B
APPENDTX B
TCAS SEM LTS'TING
'tThe following is a compiled ASCIT FORTRAN listing of the TCAS SEM. The
program segments appear in alphabetical order.
A ]

»

R L N S T 0 PR o e PR (VL PTG R LR N TN I L.
e 1 B R R R G O A S SR PRy




T BT T ik T AR - M A S A NPT o o TR B S M AU W RS S L I 2 WL A A R L A LN N L AL L S WS A WA DR LA LU LLOALDE AR AN A X S R R LR TR W R

DOT/FAA/PM-85/22 Appendix B

1 ANTGAN Aen i

SFTN,S B.ANTGAN,ANTGAN .
FIN 11R1 02/727785-16:35(36,)
1 SUEROUTINE ANTGAN

2e c

3e c THE PURPOSE OF THIS SUBROUTINE 1S YO STORF ELEVATION ANTENNA PATTEARNS

4. C SETWEEN TCAS AND VICTIM AIRCRAFT,

Se C

be C ehbrahandahsbeas INPUTS / ouquts RAGARARRARNNRR AR NARANANANANRAN

7Te c COMMON BLOCKS / VARIABLES. -

LI C INPUTS OUTPUTS DESCRIPTIONS

9. c .
10. C ANTO / TCAS II M RECEIVING ANTENNA PATTERNSS
11. € / PASBOT S8OTTOM ANTENNA
124 [ !/ PASYOP TOP ANTENNA
13, € ANTT ! TCAS IIM TRANSMITTING ANIENNA PATTERNS:
14e - /7 ANTBOY - BOTTOM ANTENNA
15. € / ANITOP TOP ANTENNA : A
16 -C CAS 7 ICASFI TCAS I R ENV!RONNEN'AL—EILE
17. € /7 11 TCAS 11 M IDENTITY
18, c TJFILE ANTENNA PATTERNS BETWEEN- TCAS- IT ‘M/VTM
19. -C . NAC ‘NUMBER OF ATIRCRAFT IN DEPLOYHENI .
22; € TCOATA 7 1111 ‘TCAS II M -POINTER FILE
2. c
22. INCLUDE RESTART,LISY

PARAMETER (NUAIR = 328) -

THE LOGICAL VARTABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL ‘WRITE
STATEMENTS IN THE MODEL.

LOGICAL PRINT
DIMENSION TJFILEC(NUAIR,8)7 IJFILECNUAIR,8), ICASFI(83,NUAIR,1) -

NN N -
s 06 6 0 ¢ 0
[aE NN o)

8.1 COMMON /TCOATA/ I111(83), DENS(83),
9.1 2 TATINCNUAIR), TATSUCNUAIR), IDABN(NUAIR), IDASS(NUAIR)
1041 EQUIVALENCE (TJFILE,IJFILE) -
11.1 CDMMON /CAS/ ICASF1, TJFILE, NAC, II, PRINT
23. COMMONZANTTZANTTOP(19) ,ANTBOT(19)
24. CONMON/ANTO/PASTOPC19) ,PASBOTL19)
25. PARAMETER (R2D = 57.296) 3 CONVERTS ANGLES FROM RAOTANS .
260 € 70 DEGREES
g?. DEFINE FLOCI,JoK) = BITS(K,I41,J)
B. ¢
29. ¢ HAVE A TCAS ATRCRAFT. . K
30, ¢
31. IH = 1111¢1D) )
32. ALTY = TJFILECIN,3)/6076.0 2 ALTITUDE QF YCAS A/C IN
33. ¢ NAUTICAL MILES
4. 00 201 K=1,NAC : 3 COMPUTE ANTENNA COUPLING
35. € CELEVATION PATTERNS)
1 36 IFCIN.EQ.K)GO TO 201 3 DON'T 00 COUPLING CALCULATIONS
1 7. ¢ OF AJC WITH ITSELF
1 38. TFCICASFICIT,K,1).EQ.0)G0 TO 201 @ SKIP IF A/C OUT OF RANGE
1 39, ALT2 3 TJFILECK,3)76076.0 @ ALTITUDE OF VIiCTIM A/C )
1 40. ¢ IN NAUTICAL MILES !
1 1. € = FLDC00,09,ZCASFICII,K/1))/10.3 SLANT RANGE BETWEEN TCAS IIM & VICTM
1 42, 8 = (ALTY ='ALT2) 3 DIFFERENCE IN ALTITUCES IN
1 43, ¢ NAUTICAL MILES
1 4as, DIST = SART(CC - 848) ? HORIZONTAL DISTANCE BETWEEN A/C
1 45. ARG = 3/DTST
1 Lha THET = (ATANCARG))=P2D 3 VERYIC}L ANGLE C(DEGREES)
B-2
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\ Appendix B

62;. C “STORE -COUTPLINGS AS INTEGERaVILUES. “THE SYSTEN FUNCTION, IFIX, BELOU:
63.- -C -CONVERTS THE FLOATING -POINT NUNIEIS TO: - INVEGERS -FOR SYORAGE.
64s €

DOT/FAA/PM;85/22
) LA ANTGAN' YY) . R
1 47. Cc SEPARATING -A/C
1 'Y + -THETAY =2 ABSCCTHET+904)/10.)
* 1 49, ITHT = THETAY ¢ ¢
1 50. THETA2 = ABS(CTHET ~ 90,)710.)
1 5t. - ITH2 = THETA2 ¢ 1 @ COMPUTE ANTENNA COUPLINGS,
1 52. GNT1 = ANTTOPCITHI) ¢ CCYTHETA1#9) @ TCAS IIN YOP ANTENNA GAIN
1 53. ? ~ FLOATCITHY))A(ANTTOPCITHI®1) = ANTTOPCITHY))
1 4. GN2Z = PASBOT(ITH2) ¢ ((7"!7&201) @ VICTIN BOTYTOM ANTENNA GAINW
1 55« ? ~ FLOATCITH2) D #(PASBOTCITH2¢1)-= PASBOTCITH2)) -
1 56.- GN3- = ANTBOT(ITHY) + ((7”!1!101) ® TCAS IIN-BOTTOM ANTENNA- GAIN-
1 7. ? - FLﬂAT(lYN!))*(ANTIOT(X!M101) - AN'!OY(!7N1))
1 58 GN4 = PASTOPCITH2) 4 CCTHETA241) a’VICYIM TOP ANTEN“A GAIN
1 59.. 2 - FLOAT(!T"Z))ﬁ(PASTD"!T”l’!) ',PISYDP(!T“Z))
: ] 62.‘ c = FLD(170100!CASFI(XI:K:1)) -8 TCAS IIw POMER
61 -
1
1
1
1 65.. FL0(00,09,TJFILECK,8)): "IFXx(GN1010.
1 66, -FLDCO09,09,TIFILECK,8)) = TFIXC(GN2#10,)
4 67, FLOCY8,09,TJFILE(K,8)): ‘@ TEIXCGNI*10.)
k| 68+ FLD(Z?:O’IIJFILE(K:I)) = TFIXCGNL+10.)
1 69,- 201 CONT INUE oo ’
10%- RETURN
Me END

END FTN- 247 -T8ANK 67 DBANK 31403.-CONNON.
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TOT/ AR/ PM=-85/22 Appendix B

» o e e —

e ASPINT vee

BFTN,S AASPINT ALASPINT-
FIN-VIRVIRTIA 05/30785=13314C40)
10 SUBKNUTINE ASPINT @ ATCRBS SUM POWER INITVIALIZE
2. . .
3. & THIS SUBROUTINE INITIALIZE THE ARRAY CONTAINING THE TOTAL RADIATE PONER
b * FROM-N-M=~35 POWER LEVELS IN WAVTS.

Se ' ¢ .
be *  hnarsnisanbbansansanrn INPUTS /7 OQUTPUTS ertcedanadtshnastasddbn
7. .
8. . COMMON BLOCKS / VARIABLES .
9. [ INPUTS -uTPUTS DESCRIPYION
10. .
1. . ILMS /- -ATSUNP TOTAL RAOIATED -FROM N -W-S LEVELS
12: . 3 .
13. INCLUDE .TLMS.
14e - . i 3
15, DEFINE SUM(N) = C(ONEOB#eN = 1)/(ONEDHE ~1)
164 -DEFINE ‘SUMBIN} = (TWODB+eN = 1)/(THOOS -})
17. * .
18, ONEDB- = “10.#2(a1) @ DEFINE 1 OB
19. THO08:-= 10.wx(,2) - @ OEFINE 2-D6:
20, PTOPLO = 10.40(( 26, —=30.3/104): @ 26 DBM =30.98 TO-GET WATTS
21a PROTLO = Y0 an(( 30, =30.)7104): @ 30 DBM =30 D¢ TO-GET WATTS
224 ATSURPCO) = :04
23, * :
24, » -LOOP-OVER ALL 83 -W~S-LEVELS:
250 * o oo
264 -00- 10-:-IPRI=1,83
27. [ L ,7 . : - _
28, . -OETERMINE # OF W=S LEVELS SENT ON THE TOP (FRONT, 2: SIDES, AND 8ACK)
29. * AND BOTYOM ANVENNAS o )
30. L
4 3, IFC IPRI oLE. 63) THEN .
2 32, NFRNT = 24 = (IPRI- ¢ -2)/4.
2 33, NRSIUE = 20 = (IPRI + 1)/&
2 3be NLSTIDE = 20 = (IPRIM/4
2 3S5. NBACK = 15 = (IPRL -~ 1074
2 36. _ -NBOT s 4 -
2 37. ELSE IF( JIPRI oLEe 75) THEN
2 3da -NERNT = 29 <« (IPRI ¢ 1)/3-
2 39, -NRSIOE = 25 = (IPRIM/Z
',.Q ’ 2 404 NLSIOE = 25 = (IPRI =~ 1)/3
Qs““é 2 41, NBACK- = 0
17};@ 2 42, _ -N8OY z 4 B
:“i*g? 2 43, ‘ELSE IF( -IPRI LE. B80) THEN
O 2 44, -NFRNT = 80-= IPRI ;
4 4 2 45, NRSIDE = 0
& 2 Ao, NLSIDE = 0
2 47. -NBACK = 0
2 4. -NBOT LK)
2 49. ELSE
ra 50. " KFRNT = 0
2 $1e NASIOE = O
2 524 NLSIOE = 0
2 93 NBACK =0
2 She NHOT 2 84 ~IPRI
2 55 END IF
2 S6e .
2 57 . COMPUTE ATSUMP IN WATTS USING THE PROPERTIES UF A GEOMETERIC PROG

LA T e
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DOT/FAA/PM-85/22 - Appendix B :
Y ASPING XY 2

2 b8a . . ..

1 Y. ATSUMP(54=1PRL) = PTOPLUAC SUMCNFRNT) + SUM(NRSIOE) ¢ $

1 6(1). ) 2 SUMCNLSIDE) « SUMCNSACK) ) ¢ PBOTLONC SUMBCNBOT) ) p

1 ol "- ) . :

1 62e 10 -CONTINUE 5

ol. RETURN )

bba END N ' :

END FTN 177 1BANK 47 DBANK 333 COMMON

SHOG,P #a» ANTGAN ke
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\FX L/
i‘!n
)
(:!iq .
!:;g’ oar ATNUD sen
e
S&J% «FTHeS ALATHMOO, AL ATHMUD
g FIN 1TR11R1A 037 5074>=13:14 20,3
B 1. SUBRAUTINE "ATNOD
2. ¢
@' : 3. ¢ THIS SUBRGUTINE OETERMINES THE EFFECTS OF TCAS WHISPER = SHOUT
" 4 C INTERRUGATIONS AT ALL AIRCRAFT. :
s 5« ¢
§ %' be ¢ hothnarnanatataae [NPUTS / OUTPUTS echktanIttadtttdao it easaitoddddhin
7. c
%Jk : 8« C  COMMON BLOCNS / VARIAGLES
AN 9. g INPUTS  GUTPUTS VESCRIPTION
) 10e
M. ¢ ANTENN 7 AZPAY SUM PATTERNS OF TCAS II M TOP ANTENNAS
R 2. ¢ OIFPAT OIFFERENCE PATTERNS OF TCAS II M-BOTTOM
e 15. ¢ ANTENNAS
vy the € CAS. 7 ICASFI TCAS II M ENVIRONMENTAL FILE
e 15. ¢C 11 TCAS I N IDENTITY
o 16.. € TJFILE AMTENNA COUPLINGS GETWEEN TCAS AND VCTN :
N 7. € NAC NUNBER OF ATRCRAFT IN DEPLOVMENT- ;
DL 18.. € SENS- 7/ JSENS SENSITIVITY LEVEL OF ALL ATRCRAFY -
VA 19. ¢ TCOATA 7 1114 TCAS. IT N POINTER ] . -
20 ¢ IATIN  IATIN TCAS 1T M INTERROGATIONS TO ATCR3S ;
e € IATSU 1ATSY- TCAS II N~PROODUCED ATCRBS SUPPRESSIONS :
2. ¢ IDAAN-  IDABN TCAS-IT M INTERROGATIONS 0 MODE S ;
23.. € 10ABS 10ABS TCAS II M-PRODUCED MODE S SUPPRESSIONS .
%, € TEWP 7 IVINE ELAPSED TINE _ o
25 ¢ TRAX" 7 JTRANS TRANSMISSION-POWER LEVELF OF ALL AZC
6. € ILMS. /7 NuSL ¥ OF =S LEVELS SENT :
7. ¢ WSHOUT 7 IPR4- ANTENNA PATTERNS: BACK ANTENNA- :
28 C 1PR3D- " S0TTOM ANTEHNA :
9. € IPRF FRONT- ANTENNA-
0. € . 1PRS SIDE ANTENNAS:
31, ¢ -
2. ¢ ) :
33 INCLUDE RESTARTALIST
1.1 -PARAMETER- CNUAIR = 743) |
2.1 ¢ 5
3.1 C THE LOGICAL VARIASLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRIVE
4ol € STATEMENTS IN THE MODEL. :
5.1 ¢ ;
’ 6.1 LOGICAL POISMO/PINTLI/PTCSHY,PATHOD,POISINSPFILES,PERUITSPSTATS :
) 7.1 COMMON /PRT3L/ POISMO,PINTLI-PTCSNT,PATHOD,PDISIN/PFILESS PERUIT,
bty 8.1 2 PSTATS . :
S 9.1 » . ) -
&!%& 10.1 DIMENSION TJFILECNUAIR,8), TJFILECNUALIR,8)s ICASFIC(B3,NUALR,1)
§5§§ 1.1 CONMON /TCOATA/ 1111(33), DENSC83),
.@q‘ 12.1 T IATINCNUAIR)» IATSUCNUAIR)2 IOABN(NUAIR), IDABSCNUAIR) :
ég } 13.1 EQUIVALENCE (TJFILEZIJFILE) :
A 141 COMMON /CAS/ ICASFI, TJFILE, NAC» LI, PRINT :
34 INCLUOE ANTENN,LIST :
1.1 COMMON JANTENN/ AZPAT(36), OIFPAT(38) ;
35 INCLUDE TUMS,LIST . :
1.1 COMMDN /ELMS/ NWSL(#3), AMSP(83), IRESET(83), ATSUNP(0:83),
2.1 2 LRETRN, TPOW . .
36. INCLUOE WSHOUT,LIST :
1.1 COMMON /u5HOUT/ SPRF(24)+ IPRS(40)s IPRBC15), IPRBOT(4), .
2.1 1 IPONF(24), IPONS(41), IPOWB(1S), IPONBOC4) :
. 57. INCLUDE TEMPSLISY i
1.1 COMMON /TEMP/ LTVIME :

T R D S D A P
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—DOT/FAA/PM—85/22 Appendix B
YY) ATMOD Y
38, ' INCLUNF TKAX,LIST
1.1 CUMMON /TRAX/ JYRANS(NUAIR)
V. INCLUDE SENYSLIST
1.1 COMMQON /SENS/ JSEMS(NUAKR)
40, INTEGER SA
. 4. DIMENSION Nuu(S)
® LY DEFINE FLD (I,dsK) + SITS(K, L ¢ 1o J)
3. OATA (NUMCI),C = ¥, 5) /J&s 24, 20, 1S, 207
[N c
45, SA = 1111
. Ab. 00 200 IJ = 1, NAC
1 4. IF (ICASFICII,2J,1).€Q.0) GO TO 200 @ SKIP IF A/C IS OUT OF RANGE
1 4d; KTYP = FLD(34,2,1CASFICIILTS,1))
1 9, C
1 50. [ B8R IS RELATIVE BEARING HETWEEN TCAS II M AND VICTIN AIRCRAFT
1 9. c THE FACTOR OF $S7.296 CONVERTS THE ANGLE FROM RADIANS !0 DEGREES.
1 52. B8R = (FLOCP,8/1CASFICIL 2J01))/40,)057.296
] 53. SEN-= JSENS(IJ) 8 SENSITIVITY OF VICTIN A/C
1 S4e [
1 55. C ANTENNA CUUPLINGS C(ELEVATION PATTERN)
1 56, IGNT = C(FLOC00,09,TJFILELTSA8))a(24227))
1 57, IGK1 = IGN1/(24227)
1 S58a : IGN2 = (FLDC09,09,TJFILECTI,8))n(20027))
1 59 IGN2 = EGN2/(24827)
1 60. IGN3 = (FLOC18,09,TJFILECIS,8))0(2a057)) -
1 ol. IGN3- = IGN3/(24227) E
1 0% IGNG = (FLDC27,09,1JFILECLI,8))2(24927)) i
1 63a IGNA = IGNL/(2%a27) )
1 64, GN1 = FLOATCIGN1)/10.%47%6.0401 @ ADJUSTMENT OF VCAS TOP ANTENNA- B
1 65, GN2 = FLOAT(IGN2)/10. : o E
1 66, GN3 = FLOATCIGNI)/10.%4o7%6.0~4,1 @ ADJUSTMENT OF YCAS BOTTON -ANTENNA B
1 67a GN& = FLOATCIGNA) 7 10. .
1 a8, IPON % FLDC17,10,ICASFICLIL1401)) @ FREE SPACE POWER BETWEEN TCAS ‘1IN
1 9. € AND VICTIN AIRCRAFT. ;
- 1 70¢ POW = IPOM
1 . ATRANS = JTRANS(SAY/1 000 000.
1 72. [4 ADJUSTED POWER:
1 73. POW = ~(POW/10.) ¢ 10.#ALOGIOCATRANS) - 2.796 - 3.0
1 74, IF (POMLT.~84,) co 10 200
1 75. GV = GN2
~ 1 T6. IF CCGNGoGT.GN2)LANDL(KTYP.NELO)) GV = GN&
1 7. MSEC = INY(AR / 10. * 0.,5) ¢ 1 @ INTEGER OF SECTOR OEFINED BETMEEN B
1 . C ’ TCAS II M AND VICTIN AIRCRAFT,
1 79, 00 1007 kP = 1, § 4 DEFINES 90 DEGREE CUTYS:
1 80, C . KP = 1 IS BOYTOM FRONT ANTENNA )
1 81, 4 2 IS TOP FRONT ANTENNA -
1 82. c 3 IS RIGHY SIDE
R a3, [ & IS BACK
1 a4, c S IS LEFT SIDE
2 85. IF (MSEC.GT.36) MSEC = 36
] Bé, IF (MSEC.LT.0) MSEC= MSEC ¢ 36
- 2 87. IF (MSEC.EQ.0) MSEC = 1
2 83, SHIFT = ~AZPAT(MSEC) 3 SUM PATTERN =~ GIVEN SECTOR,
2 ‘89 b DIFIFT = =DIFPATCNSEC) @ OIFFERENCE PATYERN - GIVEN SECTOPR
2 90. IF (KP.NE.1) NSEC 2 MSEC - 9 @ MOVE 90 DEGREE SECTODR.
. 2 1. ISKIP = 3 @ 3 0B FOR W~S SEQUENCE.
- 2 42, 00 111  IATT = {1, NUM(KP)
3 93. IF (KP.£Qa1) THEN
4 ‘%, Foa Phou. 7o [HAKL3 - [PRBOT CIATT)
ot .
I PR A L -
, B=7
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-
-
L 4

ATHOD

95
V6.
97.
(T
9.
109
101.
102.
103.
104,
105.
1064
107,
108,
109a
110.
111,
112.
113,
114,
11S5.
116.
117.
118,
119,
120.
121,
1224
123,
126,
125.
126,
127,
128,
129,
130.
131,
152,
133,
156,
13%,
134,
130
158,
13"
140,
jet.
16424
143,
144,
145,
146,
147,
144,
149,
150,
151,
152,
153,

uoooom»q-»bbtb»mwuuvuv-v-uuoooouwbuuuuuo—uuuawuuuwwu-oo-o—:-ro-o-_bro-4~
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Appendix B

LX)

ELSE TF (KP.Ede2) THEN
TMAX. 3/ IPRF (TATY)
ELSEL: IF (KPLEQ.3) THEN
“IHAX & IPRS (1ATTe2)
ELSE IF (kPEQ.4) TAEN:
NTYY s'rrns (:utr)
ELSE
IHAX = IPRS (xart-z [}
END xr ="

CNECI 10 SEE IF NUMSER OF LEVELS CUT EICEEDS PR!DRIT' LEVEL:
TF SCIMAX 3Uis 3“NUSL(II)) GO T0i 11y

ATTENDE 247~ TAYY " @ TOTAL ATTENTUATION.

PURLE PUN - ATTVENT ‘3 INTERROGAYION' POMER.

PURS = PURL" -‘1ixsxxv . F) sur'uessxonbrodEk.

lF txarr.ee.l) ruks #-100. @ FIRSY INTS SUPPRESSION IS MADE
o AT"A LOMER POUER -LEVEL

xsxxv a- xs;xr -1 H sur'aessxau’oouu COUNTER,

1F (ISKIPGET1) ISKIP =3

1¢ ((lsxxr Le.t)lluo ( vvr.so.u)) ISKIp = 3

GRCOUPSBIGNY "¢ -GU TR IR "7 3 ANTENNA COUPLINGS BETWEEN
IFCCRPLEQEY) GNGOUP = GN3#GY &  TCAS IT'N AND"VICTIN® AIRCRAFY
SHPURE -3 PURLUFSHIFT +GNCOUP @ INTERROGATION ‘SUN*PONER.’

OFPWRL & Plirl +OTETET*GNCDP & INTERRGGATION nrsrensuct PONER
SHPURS & PURS OSﬁtFT o*cuc00f 3 suvrnessxnu ‘SuM* rouen.

OMPuRT & 05

IF (KR, £Q/1) THEN. )

o ONPMRL-3PONKE. GNCOUP @ INTERROGATIONS ON ONNI.
IFP(TATT.EQy 1) THEN™ 8 ADJUST INTERROGATION PQUER

OAPNRL T S hipdREY~ 19
1{. (xrvp.ea.O)ltuen
i oﬁpﬂas’ -ito"
SONPURS = -100

Euo“xf

eLye LR ICLATT, eo.z)lnen
OMPURE T ONPURY =447
onFwRS & OWPWRE < 3J0

ELSEFTRHCTATTEQIS) “THEN

©- SOMPHRY i tOMPURT =~ 1S
GMPURS = ONPWRE = 320

ELSESTF “CIATTIEQIC) "THEN

“TOMPHRT "4 (ONPWRT = 118

onrués a onrual < 3. 0

END-TF AR

OFPWRL = 0. «

snpw(i i0e

snauns = o.

IF ( PATHOV)
1 JGRITECe;999) 14,BR,XP,HSEC,OMPURI,OMPURSSSEN
999 . fonnnrc"uvﬂodﬂzsnrﬁooo~"tf”zxuﬁio.apsx,ztts,sx).s(rio.x.sx))
om0 e COMPINS SGELSENY -THEN a cuud: surraessxous -
v Xﬁ#{kwvv.NEJO)”tn N
17 10ABS( 1Y) -2 [OABSKII) ¢ 1
ELSEAC NS O FArEN
"‘xATSU(IJ).s LATSUCTS) + 1
END IF
ELSE IF (OMPYURILGE.SEN) THEN

- 2 r 5 M e
- % S )
AN ",
ORI N A LA

- e

O PP
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DOT/FAA/PM-85/22 Appendix B
X} ATMID (X ¥
5 194, IF CRIYP .£Q.0) THEN @ COUNT INTERROGATIONS
¢ 125. IATINCIS) = IATINCIJ) +°1
6 156. ELSE
o 157. I0ABNCTJ) = TOASKILY) ¢ 1
s 8 158, END IF
5 159, END IE .
4 140. ELSE - )
4 tel. 1F ¢ PATMOD)
4 162, 1 WRITE (2,998) TJ,6R/KP,MSEC, SHPHRL, SHPWRS, SEN,DFPHRI
» 4 183, 998  FORMATC® FAT 998 *513,2X,F10.305X02¢25,5%204(F10.3+5X))
4 154, IF (SMPURS .GE,SEN) THEN @ COUNT SUN SUPPRESSIONS
5 165, IF CKTYP.EQ.0) THEN
o tob. TATSUCIS) = TATSULIL) + 1
s 167, ELSE
° 108, 10A3SCTY) = IPABSCIN) + 1
6 189, END IF
) 170, ELSE IF (CSMPURILGY.OFPURIDAND.(SHPURI.GE.SEN)) THEN
5 7. ¢ C” INT SUM INTERROGATIONS
5 122, IF CRTYP.NE.O) -THEN
Y 173, TOABNCIJ). » TOABNCLS) ¢ 1
6 1744 ELSE
6 175, IATINCIS) = IATINCIJ) ¢ 14
) 176, END IF
5 127, END IF
4 178, END 1F
3 179. 1 CONTINUE
2 180. 1007 CONTINVE
2 131, .
1 182. ITOT = IATSUCIJ) ¢ LOABS(IJ) ¢ IOABN(IJ) + IATINCIS)
1 133, ¢ IFC ITOT oGTe ODMRITECS716)EI,140RATSUCIN)STOABSCII), IDABNCLS)
1 186, € 2 STATINCLY) o
} :ss. 16 FORMATC® ATHOO: If-IJ. ATSU-OARS- DABN ATIN *,415)
86, »
1 387, 200 CONTINUE
1 1d8.  «
189, RETURN )
190, )
191, ¢ DEBUG INIT(IATSU,S0DABS,IDABNAIATIND
192, END ’

END FTN 597 IBANX 197 DSANK 72823 COMMON

dHOG,P  nwe BEAR e
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k,%\ E
\a o r

B |

E

Y1) 3EAR ‘e .

ol AFTN,S B.8EAR,BEAR b
Sy FIN 1R 02/27/85~16:35(194)
iy 1. SUBROUTINE BEAR - :
Qs (4 ' 0 w‘

:ﬁ 3. € CALCULATES HORIZONTAL DISTANCE IN NNI AND ANGLE IN RADIANS BETWEEN TCAS
Iey L. ¢ AND VICTIN AIRCRAFT.
R 5. ¢ . ]
6o CONMON/BBBEAR/TLAT,TLON,RLAT,RLON,DIST, BEARTX 1

70 C * 4

K“ 8. C RADIUS OF THE EARTH-IN NWI:
}§ 9. RADIUS = 3441.0 3
&8¢ 0. ¢ - . 3
i 11. C ODIFFERENCE IN LATITUDES AND LONGITUDES OF TWO AIRCRAFT IN RADIANS: :

) 12. OLAT = TLAT = RLAT : :
&8 13. DLON = TLON = RLON ;
) al ". C o * . ;

15. € COSINE OF THE AVERAGE LAYITUDE (SCALING -FACTOR FOR LONGITUDE)
= 16. €S = COS (0.5¢CRLAT + TLATY) q
. 7. ¢ .
N 18. C SCALED DIFFERENCE IN LONGITUDES:
', 19. OLON = -OLONCS
v 20 ¢ N . ] E
49 21, C DOISTANCE ‘BETWEEN TuD AIRCRAFT IN NNI CALCULATED USING THE PYTHAGOREAN
20y 22, C THEOREM: : o )

3. OIST = RADIUS & SQRTCOLATSDLAT ¢ DLONSDLON) !

. ¢ ] N ’
25. € CHECK DIEFERENCE IN LONGITUDES TO- PREVENTDIVISION BY ZERD IN THE
260 € BEARING CALCULATION: ) - 4
. IF ¢ ABSCDLONSRADIUS) .LT. 0.001) OLON = 0.001/RADIUS
8. ¢ . . E
29, C CALCULATE THE ANGLE :BETWEEN THE TWO AIRCRAFT: :
30. BEARTX = ATAN (~DLAT/DLON)
1. ¢ 4

} 32, € ADJUST THE AXIS: - 3
: 33. BEARTX = <BEARTX ¢ 1.5707964 g
“‘(; 34. c ) §
3, 35. € MAKE SURE THAT THE ANGLE IS GIVEN AS A POSITIVE VALUE:
‘}" 36. 1F (DLON.LE.0.0) BEARTX = BEARTX + 3.1415927 :

7. ¢
433 18, RETURN-

.ﬂé 39, END K
s . B

) END FTN 83 IBANK 35 DBANK 6 CONMON . E
a8 i
%\g 3
aly :
oy

’ 2
iy
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7

R
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DOT/FAA/PM-85/22 Appendix B

con CIRCAS e

@FTN,S AJCIRCAS,ALCIRCAS
FIN TIRTIRTA 05/3)785=13:14(17,) ]

1. ¢
2. € THIS MOOUL: IS THE ORIVER FOI THG TCAS SIGNAL ENVIRONMENT MODEL. IT :
P 3. ¢ SPECTFICALLY ACLESSES SUSROUTINES THAT: .

be € 1. LOAD AIRCRAFY FILES

5. € 2. SET TRANSPONOER CHARACTERISTICS

6 € 3. SCHEDULE TCAS IT M EMISSIONS g
. C 4. COMPUTE TCAS EFFECTS .
8. ¢

9. (4 N
13. INCLUDE RESTART,LIST ]
e o 3
1.1 PARAMETER (NUAIR = 743)

2.1 ¢

3.1 ¢ THE LOGICAL VARIANLE -PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE

4.1 ¢ STATEMENYS IN THE MODEL.

5.1 ¢

6.t LUGICAL PUISMD/PINTLI,PTCSHT,PATNOO,POISINSPFILES,PFRUIT,PSTATS

1.1 CUMMON /PRTAL/ POESND,PINTLILPTCSHT,PATNOD,POLISINSPFILES, PFRUIT,

8.1 2 PSTATS E
9.1 » ]
1.1 OIMENSION TUFILE(NUAIR,8)» TJFILECNUAIR,8)s ICASFI(83,NUAIR,1) 1
1.1 COMMON- /TCOATA/ I1111¢33), DENSC(8Y), F
12.1 T  IATINCNUAIR), IATSUCNUAIR), IDABNCNUAIR),» IDABS(NUAIR) E:
13.1 EVUIVALENCE (TJFILE,TJFILE) §
14,1 -COMMON /CAS/ ICASFI, TJUFILE, NAC, 1I, PRINT ;
12, INCLUDE BBBEARSLIST i
1.1 COMMON /84BEAR/- TLAT, TLGNs RLAT, RLON, DIST, SEARTX E
13. INCLUDE DPLYAT,LIST 3
1.1 COMNON ZUPLYHT/ IATCR, IDAB, ITCA, RATIO :
14, INCLUDE TYCAALLIST .
1.1 “COMMON /TCAA/ NUNTCA E
15. INCLUDE TEMP,LIST ;
1.1 _COMMON ZTEMR/- ITINE - b
:;. LOGICAL T4 .

. 4 E
e C LOADS FILES, SETS INITIAL CONOITIONS, COMPUTES NEAR TINE-INDEPEXOENT E
19. ¢ TCAS T EFFECTS :
20, ¢C ) E
21a @ READ IN PRINT OPTIONS FROM 1ST LINE OF FILE 7.
2. o« ) :
28, READCTA1S) ISIMT,RATIUNT1,POISHD,PINTLILPTC ST, PATHOD,POIS i, E
24, 2 PFILES, PFRULT :
25. WRITE(6+25) T1,PDISHD,PINTLIQPTCSMY,PATHOD,PDISINSPFILES,PERULT 4

4

264 15 FORMATCIZLIX,FS40,1X08CL1,1X) )
27, 25 FORMAT(® OPTIONS:»8(1Kei1,1X)0/)

oo

23. . , _ _ 3
29 WRITECO,#)' THE TOTAL STMUATION TIME =°,ISINT,® RATIQ=®,RATIO k
30. * 3
3. CALL INIT @ INITIALIZE ALL COMMON VARIABLES E
12, CALL ASPINTY & INITIALIZE ATCR8S SUM-POMER ARRAY E
35 CALL INPUY 4 LOAD AIRCRAFY FILE AND RATES B
34a CALL TRANSP @ LOAD A/C EMNISION CHARACTERISTICS

35. CALL TYSTART & SET TCAS II M SQUITYER PHASE E
34 :
37. CALL LOAD 8 10AD TCAS TABLES

boLLIE
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DOT/PAA/PM-85 /22 " “Appendix B
e CIRCAS “ha M
40, CALL PRESET @ APPPROXIMATE INTERFERENCE EFFECTS
41, IF (T1) CALL TCAS1 3 COMPUTE TCAS I EFFECTS
424 N
43, % THE FOLLONING LOOP CALCULATES TCAS I1 M TIME-DEPENDENT EFFECTS
e C
4s, DO 1000 TTIME = 1,ISINY @ SIMULATION CLOCK
46. € " MDYE AND -RELDAD TCAS [T W TABLES EVERY 40 SECONDS
1 a7, IFCMODCITINEZ40) .EQ.0) CALL LOAD
1 48w
1 9. € L )
1 50, 00 6 II = 1, NUNTCA @ CONPUTE TCAS II EPFECTS (II IS TCAS 10)
1 1. ¢ -
1 52, ¢ LOAD TOP AND SOTTON ANTENNA COUPLINGS BETWEEN TCAS II R AND ALL
1 53, € OTHER AIRCRAFT, * °
2 5S4, CALL ANTGAN
2 55, € . L :
2 S6, C CONPUTE FRUIT RATE AYTCAS II M EVERY 20 SECONDS. FRUIT RATES ARE
2 57. € USED TO-DETERMINE EFFECTS ON DETECTION PERFORMWANCE.
g ;a. ¢ IF ( CITIMELEQ.1) <OR. (MOOCITINES20) o£Q. 0) ) CALL FRUITA
9.
g 6?. . CALL OISNOD (LPLUST)
ol T T 1
2 62, C CONPUTE SHOOTH VALUES OF TCAS 1I W INTERROGATION RATES AND
2 83, € TRANSMISSTON -PONER LEVELS.
2 s CALL TCSMOT' o
2 65. ¢ .
2 66, C COMPUTE "NODE § EFFECTS
2 67, IF (LPLUSTLNE.O) CALL -DISINT
2 68. C I
2 69, ¢ CONPUTE--WHI SPER-SHOUT -EFFECTS FRON TCAS II N 70 ALL OTHER AIRCRAFT
: ;g. IF (CITINELEQ.1).0R. CNODCITINE,40).EQ.0)) CALL ATMOD
.« €
2 2. ¢ ADJUST--TCAS 1 M CHARACTERISTICS TU SATISFY INTERFERENCE-LINITING
2 7. € INEQUALITIES )
2 Tia IF (ITIME .GE. 5) CALL INTLE
2 75. (4 *
2 76, CALL STATS(® CIRCAS®) :
2 7.
2 78, 6 CONTINUE
e 79« .
1 80, .
1 8.,
1 82, ¢
1 83. 1000 CONTINUE
1 8. € .
1 :s. ¢ CALL FILES @ LOAD RATE FILES FOR ATC MODEL.
' END . i

END FYN-154 IBANK 105 DBANK 70774 COMMON
HDG,P  4an CNVRT L1
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; DOT/FAA/PM-85/22 o Appendix B :
Y .
5"3\
‘N
i
Bl
Rl :
E Y1) CNVRT [T ¢
B
&k 3FETN,S B.CNVRT,CNVRT :
. - FIN 1181 02/27/85-16:35(10,)
‘ 1. SUBROUTINE CNVRT (K) . :
4 2. 4 ' . )
;‘%0 3. € THIS SUBROUTINE DETERMINES. THE AIRCRAFY TYPES
i be € (R}
Wy 5. ¢ '0ABS =y
t::: 6. € *TCASS =3
™ 7. [
8. DEFINE FLOCI,J,K) = BITS(K,I141,4)
. 9. IF (FLD€0,6/K)o€Qe9) THEN ® MODE S
\5; 1 10. K=t
Ry 1 1. ELSE IF (CFLDCO,6,K)aEQe25)%NRaCFLOC0,6,K) o EQ.7)) THEN .
;‘i' 1 12, k=3 2 TCAS ITI M
K 1 13, ELSE i : 3 ATCRSS .
'e’ 1 Abe K=0 . N
;%. 1 15, END IF
14 16 RETURN
17. END. :
ol END FTN- 44 TBANK: 12 DBANK .
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DOT/FAA/PM-85/22 Appendix B :
[ 31 ] DXS[N' [ 2 3 ] ;
FTN,S 8.0ISINT,DISINT .
FIN 11R1 02727/85-16:35¢61,) . E
1. SUBROUTINE DISINT . -
2. ¢ ' "
3. ¢ THE PURPOSE OF THIS SUBROUTINE IS TO COMPUTE MISADORESSED RATES AND :
be C ADDRESSED RATES AT EACH AIRCRAFT, o]
Se € !
6o C SARENRRAARRARNAATINPUTS /7 OUTPUTS RocaaanGantanteanesteshsaanating E
7. € 3
8. ¢ COMMON BLOCKS ./ VARIABLES e
9. ¢ INPUTS OUTPUTS DESCRIPTIONS i
10, ¢ E
1. € ATE 1 DRATE ToTAL INTERROGATIONS RECEIVED .
12, ¢ 8Y- EACH TCAS ITI M 3
13. € CsA /7 11 TCAS II M IDENTITY E
14he ¢ “NAC NUNBER OF AIRCRAFT- IN-DEPLOYMENT E
15. ¢ DPLYMT / TIAYCR NUMBER OF -ATCR3S ATRCRAFY E
16. ¢ ILMS 7 -AMSP ADJUSTED TCAS II M EMISSION POWER 3
17.. ¢ M1ISAD /7 NIS NIS RISADDRESSES AT EACH-AIRCRAFY B
18, ¢ ONT 7 OINTRT- DINTRY AODRESSED RATE TO EACH: ATRCRAFY E
19. ¢ -UPRATE UPRATE TOTAL :NUMBER OF INTERROGATIONS REC'D 3
20, ¢ SENS -/ JSENS. R SENSITIVITY LEVELS OF -ALL AIRCRAFT :
2. ¢ SETA /1 ADRESS NUMBER OF -ADDRESSES ) E
2., ¢ SINT /7 ITOB INDICATES ANTENNA OM ‘WHICH TCAS IT-R E
3. € - TRANSHITTED ] 3
2. € -LPLUS NUMBER OF TCAS II N TRANSNISSIONS .
25. ¢ TCAA ./ NUMTCA NUMBER-OF TCAS II M A/C E
26 € TCOATA /7 It TCAS II W POINTER FILE E
27. ¢ TEWP 7 ITIME ELAPSED TINE ) :
28, ¢ TRAX 7 JTRANS TRANSMISSION PONER FOR -ALL AIRCRAFT: E
29. ¢ JSENS SENSITIVITY LEVELS FOR ALL AIRCRAFY g
3. € E
3. ¢ 3
32. INCLUDE RESTART,LIST E
1.1 PARAMETER (NUAIR- = 328) E
2.1 4 3
3.1 ¢ THE ‘LOGICAL VARTABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL MRITE :
4.1 ¢ STATEMENTS IN THE MODEL. :
5.1 ¢ :
6.1 LOGICAL PRINT E
7.1 OIMENSION TJFILECNUAIR,8), TJFILE(NUAIR,8), ICASFI(83,NUAIR,1) g
8.1 CONMON /TCDATA/ 1111(83), DENS(83), 3
9.1 7 IATIN(NUAIR), TATSUCNUALIR), IDABNC(NUAIR), IDABS(NUAIR) E
10.1 EQUIVALENCE (TJFILE,IJFILE) -3
11.1 COMMON /CAS/ ICASFI, TJFILE, NAC» 1Z, PRINT. :
33, COMMON/ATE/DRATE(S3) 3
34, CONMONZONT/DINTRT(NUAIR) ,UPRATECNUAIR) E
35. COMMON/MISAD/NISCNUAIR)
36, COMMON/TEMP/ITIME :
37. COMMON/TCAAZNUNTCA E
38, COMNONZILMS/KCARREBI),AMSP(83) /IRESETCAS) E
39, CUMMONZTRAXZJTRANSCNUAIR) B
40, COMMON/ SENS/ JSENS (NUATR) . :
41 COMMON/SETAZADRESS (NUAIR) B
42, CORMON/SINT/LPLUS,K,IT08(100) :
43. COMMON/OPLYMT/TATCR,IDAS,ITCA i
44, INTEGER SA :
42. DEFINE FLDCI,JsK) = BITS(K,141,9) :
. C z

A
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‘gfy
L1 ODISINY (2 X}
E 4
ol 47. €
e 48, SA = I111011) 9 TCAS IT M TOENTITY
XA 49, 007 N =1, NAC @ LOOP OVER ALL AIRCRAFY
e 1 50. IF (TCASFICII,N/1).€Q.0) GO TO 7 @ SKIP IF OUT OF TCAS IIM RANGE
§§§ - 1 51, IF (N.EQ.SA) GO TO 7 @ DO NOT PICK TCAS IIM AS VICTIM
) : 1 52. ¢
'&{ 1 53. ¢ GET ANTENNA COUPLINGS BETWEEN TCAS II M AND VICTIM AIRCRAFT,
i 1 54 € THE FACTOR OF 24%27 SHIFTS 8ITS UP AND THEN SBACK DOWN AGAIN TO RECOVER
: } 5s. € THE SIGN BIT.
ey 56. € .
éﬁg 1 57, KGN12(FLOC00,09,TJFILECN,8))#(24#27)) & TCAS II M TOP ANTENNA GAIN
A 1 58, KGN1=KGN1/(20#27)
A 1 59, GN1=KGN1/710.44.7-1.9
P 1 60, KGN2s (FLD (09,09, TUFILECN,8) ) (24427)) & VICTIN TOP ANTENNA GAIN
k } 1 61, KGN2=KGN2/(2w#27)
L 1 824 GN2=KGN2/10.
: 1 63, KGN3=CFLD (18,09, TUFILE(N,8))#(24227)) @ TCAS II M BOTTON ANTENNA GAIN
1 64, * KGN3=KGN3/(2#427)
1 65. . GN3=KGN3/10.44.7-1.9
) 66, KGN4=(FLDC27,09,FJFILECN, 8)) #(20427)) @ VICTIM BOTYOM ANTENNA GAIN
1 67, KGN&ZKGN&/ (24427)
1 68, GN4=KGN4 /10, )
1 694 1Q=FLO(34,2,ICASFICITI,N,1)) 8 VICTIM AIRCRAFT TYPE
1 70. D0 6 -M=1,LPLUS 8 LOOP OVER ALL TCAS IIN
1 1. € ) N INTERROGATIONS.
2 72, IF C(ITOB(M)<EQ.1)- GS = GNY 8 TRANSWIT vOP.
2 73, IF C(ITOB(M).EQ.3): GS = GN3 9 TRANSNIT SOTTOM.
2 74 6V = GN2' o A
2 75. IF ((GNAGToGN2)GAND.CIQ.NEL0)) GV = GN&
2 76, GNTOT = GS + GV o @ TOTAL ANTENNA COUPLING.
2 77. IPRW = FLOC17,90,ICASFI(IX-N,1)): @ PONER LOSS (FREE SPACE),
2 78, PRW = IPRMN . .
2 79, ATRANS = JTRANS(SA)/1° 000 000. @ TRANSMISSION POMER (KWATTS)
2 80. CTRANS = ATRANS*1000. @ . (WATTS)
2 81, RYPR3 = —(PRU/10.) # 10.+ALOGTOCATRANS) ~ 3.0
2 2. ? = 10.#ALOGIOCCTRANS/ANSP(II))
2 az. PONY = RVPR3 4 GNTOT ) @ TOTAL POWER AY VICTIM
2 84, ¢ )
2 85. ¢ IF YOTAL PONER VICTIM -RECEIVED IS GREATER THAN VICTIM SENSITIVITY,
2 86, ¢ COUNT A MISADORESS AT VICTIN:
2 87. IF (POWY.GELJSENSIN)) MISC(N) = WISCN) ¢ 1
. 2 ss. 6  CONTINUE
1 89, 7 CONTINUE . .
1 90, ¢
: 3;. g CHECK ARRAYS FOR PROPER- SQUITTER COUNTING AND MISADDRESSED RATE.
Y . 93. IF C(IT.EQ.NUMTCA) THEN . @ COMPUTE AVERAGES AFTER ALL
3 1 9;. 00 4000 N3 = 1, NAC @ PICK A VICTIN AIRCRAFT,
1 95. ¢
1 96. ¢ OINTRT IS THE ARRAY FOR EACH MODE S TRANSPONDER THAT RECEIVES
: g;. ¢ TCAS IT M INTERROGATIONS
L c
2 99, IF CIJFILECNB,4) .NE.O) DINTRT(NSB) = DINTRT(NBY ¢ 1 i
2 100. UPRATE(NS) = UPRATE(NB)*DINTRT(NB) @ YOTAL NUMBER OF INVERROGATIONS
2 101, ADRESS(NB) = DINTRY(NS) @ ¥ OF ADORESSES RCVD THIS YIME
2 102, DINTRTINS) = 0. ® RESET COUNTER
2 103. 4000 CONYINUE
1 104, END 1F
105, RETURN
B-15
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aan DISINTY he
106, ’ END
END FTN 334 IBANK 92 DbANK 33736 COMMON

B-16

R SR R R ’!ﬁﬁ 4 3""" S A A
3{"&‘\ A e mp e f RANRE O A aep v.';i\.{f'«*i’ Mallpe 0

A



DOT/FAR/PM-85/22

[T S DISNOO

ke

lF19r$ 8. DISMODoDISHDD

-FIN- 11R1

02/27/785-16235¢25,)

B T A R s LR o B A Ao, S SO W, S e B M s

Appendix B

1e: SUBROUTINE OISMDO(LPL051)

2. [4 ¢ .

39 C

%e C THE PURPOSE OF TM!S SUBRDUTINE 18 -T0- SCNEUULE MODE S. DISCRETE

5e 4 INTEQROGAYIONS.

6. C

Ta 4 SAPAEARRRMAANARANERS INPUYS 7 UUTPUYS ANAGRARRNIAARRANSAASENAS

8a [ . ’

9. (4 COMMON -B8LOCKS / VARIABLGS .

10, C INPUTS  -QUTPUTS: -OESCRIPTION-

1. c

12. € ADJSEN /7 SESIY - ADJUSTED TCAS. It M SENSITIVITIES.
3. c ATE / o ORATE XNYERROGATIDN*IATE AY EACH TCAS!IH
14, c . CAS 7 ICASFI JCAS 1T M- ENVIRONNENTAL -FILE
15. ¢ 1 TCASIL.M- TOENTIFIER
16 <€ TJUFILE JYPE. OF -EACH=AIRCRAET

7. C TJIFILE ATRCRAFT-CHARACTERISTICS “FILE
18. € FRUT: -4 FRUTT FRUTT:LEVEL SEEN-.BY -EACH: TCAS TIN-
19, -C ILNS. 4--ANSP ADJUSTED. TCAS: 11 N- -POWER -LEVELS
-20e c “MISAD- 7 -M1§ B HISADDRESSES -
21« C ONT 1 DINTRT DDRESSED‘IATE TO-EACH- AIRCRA’!
224 c _UPRATE YOYAL “NUNBER: OF :INTERROGATIONS -RCD:
23, € ‘RCACQ 7 TROL. MAXIMUM:- INTERROGATION-RATE IN-ROLL
24 C L —ITIXLI'szpl -MAXINUM--FATLED. !NTGRIOGATIC“SISCAM?
25. € ROLACQ: -/ ACQSUN HODE ‘S ‘INTERROGATION: RATE -COUNT
260 C ' _DORSUN CHTCAS: ID A INT “DORNANCY- STATE
2% € nAG: ACQUISTION=COUNTER-

28, ¢ -MOOR: -DORMANCY: COUNTER

2% € “MROL -ROLL-CALL COUNTER:

30. (4 -HSQ SQUITTER--STATE:COUNTER

3. C NULL - -NULL. STATE COUNTER:

32. c . o -ROLSUN: -NUMBER.-QF -AIRCRAFT- -IN-ROLL ‘CALL
33. c ‘SENS: 2 JSENS. . AIRCRAFTY "SENSITIVITIES

34. 4 SINT 47 ” Extog— INOICATES ‘WHERE TCAS TIM XMITTED-
35.. €. _ YICTIN AIRCRAFY: -
3. :C- - LPLUS TCAS -II M- TRANSNISSIONS

37. ¢ SURV. 1- 1TRACK !TIACK MODE $ TRACK fILE

38 © TCDATA { 1111 TCAS 11 W -POINTER FILE

9. € TENP / ITINE -ELAPSED TIME IN-  STMULATION
—2?; € TRAX /- JTRANS “ATRCRAFT YIANSNXSSIDN POWERS
bl c

42 C ) T
.43 INCLUDE RESTART,LIST

;.I c PARAMETER (NUAIR -=- 328)

ol -

Jur € THE LOGICAL -VARIABLE. PRINT, HHEN F!LSE: wILL SUPPRESS ALL WRITE

4eY C STATENENTS IN THE NDDE&.

5.1 €

6el LOGICAL PRINT

7.1 DIMENSION YJFILE(NUAIRoO)p TIFILE(NUATR,8)» ICASFICB83,NUATR,1)

8.1 COMMON /TCOATA/ 1111(83), DENS(83); i

9.1 ? TATINCNUAIR), IATSUCNUAIR), IOABN(NUAXR): IDADS(NUAIR)

10.1 EQUIVALENCE (TJFILE,TJFILE) .

11.1 COMMON: /CAS/ ICASFI, TJFILES "NAC/ XI: PRINY

-bhe COMHDNIADJSENISESX!‘OS) ’ ) T

45, COMMON/ATE/DRATE(S3)

46, COMMON/ONT/OINTRT(NUAIR) JUPRATE(NUAIR)
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! DOT/FM/pM—fBS/zz Appendix B
40 N
R e en
3
4
A
(3
2o
1“ .
PN
Dot
fifgﬁ o DISHDD oen
7. COMNON/ERUT/FRUTTC83)
" 48, COMMON/TEMP/ITIME
s 49, COMMON/RCACQ/ITRIL1C6), TTRIL2(6), ITRILIC6), ITRILACE), EROLCI0)
| 50, COMMON/SURV/ TTRACK(83,500) . .
.‘5 ; 1. COMMON/ROLACQ/ROLSUMAACQSUN,DORSUN,MROL ,NAQ, HDOR,NSQLNULL
REDY 52, COMMON/ TCAA/NURTCA
, 53, COMMON/ TLMS/KCARR(83),ANSP(B3), IRESET(S3)
B Sa. COMMON/SHOOTH/NOW(83), TTISC83),TPS(83)-
Rl 55. COMMON/ TRAX/JTRANS (NUATR)
56. COMMON/SENS/JISENSINUAIR)
e 57. COMMON/SINT/LPLUS /K, 1TOBC100)
Y § s8. COMMON/MISAD/NTS CNUAIR)
?‘4““ 59, DEEINE FLD (I,J,K) = BITS (Ko 141, J).
i, 60, C
R 61, IF (11.€Q.1) THEN
i 1 62. CSUM = 0.
Ol 1 63, ‘ROLSUN = 0.

‘ 1 64, ACQSUM = 0. ® CLEAR OUT COUNTERS
m— £} 65. -DORSUM = -0, 8 AS EACH NEW
sl 1 66, MROL = Q @ SEARCH CYCLE BEGINS.
o 1 67, WAQ = 0
il 4 68. NOOR = O .

i'l_t,"‘ 1 69. sa x 0
1 70. NULL =
ééa 1. 7. SSUN = Q.
By 1 72. CALL MOVEKA CNUATR,0,ZATIN)
9 73. CALL WOVEKA (NUATR,0,IATSU)
e 1 4. CALL MOVEKA -(RKUAIR,0,I0ABN)
N 1 75.. CALL NOVEKA (NUATR,O,I0ABS)
e 1. 760 CALL MOVEKA- (NUAIR,0,MIS)
(X : 7. END 1IF .
78, ¢
Bl 1 7. ¢
,“é’& : 30, NTRK = 500
L 81, ORATECII) = 0.
) 82, C
e;w;‘ 8’2" g ‘GET YCAS ALTIYUDE, ZERD OUT COUNTERS.
84,
byl 8s. IH = 1491 11D 2 TCAS PDINTER
e 86. AL2 = TJFILECIN,3)/5280. 3 TCAS ALTITUDE IN MILES
AN 87. LPLUS = 0 )
i se. LPLUST = LPLUS
*?t':‘ 89. NOWCII) = O )
AT 90. C,
. M. ¢
i 92.. 00 20 IFs,NTRK 2 LOOP ARDUND ALL AZC
el 93. ¢ , IN TRACK FILE
o2 1 94. IPLUS = 0
otqgw 1 95, ITRY = 0 .
b 1 96. 1F CITRACKCII,IF).€Q.0) GO TO 20
K 1 97. X = FLDCO,10,1TRACKCLI/IF))
o 1 98. MTINE = ITINE - 1
: 1 99. IF (MTIME.LT.1) MTINE=Y 2 TO KEEP FROM DIV. 8Y ZERO
e ) 1 100. A = UPRATE(KI/MTIME
B0 1 101. N = UPRATE(K)/ZHTIME
: ;{g 1 102. FRaA =N
‘el 1 103, CALL RANN(RAN)
) 1 104. IF (RANLLE.FR) N = N + 1
KRN 1 105, IF (NLTO1) N =
eoﬁ
LAY

oz

e eV e
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por/ / / Appendix B

thd prSMos hhh .
1- 106. ALY = TOFILECK,3)/5280. 8 ALTITUDE OF VICTIN A/C
1 107. * ADAL = ARSCAL2=AL1) )
1 108. SR = FUDCO,9,1CASFICTII,K,1))/10. 9 SLANT RANGE BETMEEN TMOD A/C
1 109. ITENP = FLOC34,2,1CASFICIL, K,1)) 8 A/C TYPE .
R 110. IF C(ITEMP.EQ.D) GO - TO 20 ‘@ ELININATE ATCRAS A/C
1 1. RVPR = FLD(17,10,1CASFICIT,K,1)) .
1 112. ATRANS = JTRANSCIN) /1 000 000.
] 113. CTRANS = 1000.%ATRANS
1 114, RVPRT = «(RVPR/10.) + 10.¢ALOGTIOCATRANS) = 3.0
1 115, 1 * = 10.*ALOGIOCCTRANSZANSPCILT))
1 114, BTRANS = JTRANS(K)/1 000 000. ,
1 :}7. ¢ RVPR2 = =~(RVPR/10.) * 10.2ALOGIOCBTRANS) = 0.7 =~ 0.5 = 3.0
R A 8. .
1 119, C REPLY POWEK OF MODE S AND TCAS 'II M- TRANSPONDERS DIFFERS BY 2.2 DS.
R 120, c i -
1 121, IF C(LJFILE(K,4)EQa3) RVPR2 = RVPR2 = 2.2
9 122. IGNY = (FLDCO0,09,TJFILECK,8))0(20027)).
1 123. IGN2 = CFLDCO9209,TJFILECK,8))A(24427))
1 124, -IGN3 = (FLD(l;:09.!JFILE(K.C))Q(2-027))
1 125. IGNA = CFLDC27,09,TJFILECK,B8)) 0 (20427))-
1 126. GNt = FLOAT(le1I(2'-27))I10. + 4T = 1.9
1 127. GNZ = FLOAt(!GNZI(20t27))Iio. .
1 128, GN3 = FLOAt(lynsltzttzr))lio. + 4.7 = 1.9 '
1 129, GN4 = FLnA!(IGNAI(Zﬁt27))Iio.
1 130, 6$ = GN1 :
B | 131. IF (GN3.GT.GN): cs = GN3
1 132. GV = GN2
1 133, : IF CGNA.GT.GN2)- GV = GN&
4 134, GNGOUP = GS ¢ GV-
1 135, PUI = RVPRY 4 GNGOUP" ] ] xuteaaocnrtou PONER
1 :3:. PMR = RVPR2 ¢ GNGOUP - @ REPLY PONER:
: 3. € .
1. 138, € IF VICTIN A/C IS TCAS II M=EQUIPPED--AND- ITS REPLY PGWER IS -ABOVE TNE
}f ;33. £ _SENSITIVITY OF THE YCAS -INTERROGATOR OF “INTEREST> RUN SUBR. TSQUIT.
- ‘ .- C "
1 }z;. c IF CCITEMP.EQ.3)GAND. (PURLGELJISENSCINDD) CALL TSQUIT
1 143, ¢ THE NEXT SEGMENT OF CODE FINDS THE PROSASILITY OF CLEAR RECEPTION OF
1 164, C THE VICTIN®S REPLY -SIGNAL BY THE TCAS- T1 M-AIRCRAFT USING ‘A-CURVE-FITTING
1 145. ¢ TECHNIQUE. THE CURVES WERE SUPPLIED QY-LINCOLN LASYORATORY -AND MAY BE
1 ::g. g CONSIDERED SINUSUIDAL IN NATURE FOR -THE- INTERVAL UNDER CONSIDERATION.
1 148, IF-CFRUIT(IT)LLEHLO) FRUIT(II) = 100, .
1 149, SHIFT = 3, ¢ 10.+ALDGIOCFRUIT(2I)714-800)
1 1504 ~ OSIXX = =49,
1 151, ORHO = OSIXX #+ SMIFTY
1 152. PON = PUR + 3.0
B 153. T = 23,
1 154, IF (PON.GTLORHDY T = 32,
1 155. T -PH = (~DRHO & PON)E243.14159 /4 T
1 156, POC = 0.5 ¢+ 0.5#SIN(PW)
1 157. IF (PON.LTLCORNO- = 74)) POC = 0,0¢
1 158, IF (PON.GT.CORHO ¢ 8.)) POC = 1.0 '
1 159. POC = 0.95 » POC .
1 160, 0SIXX = =72
1 161, ORHO = OSIXX + SHIFT
1 162, PON = PHR ¢ 3.0
1 163. T = 28,
1 164, IF (PON.GT.ORHO) T = 32,
B-19
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. DOT/FAA/PM-85/22 Appendix B :
5 !‘ N
ey ’
A ?
el 3
g&’}: ‘
bt
I\v\\ ; .
atal ' . .
R :
o ene DISMOD sen
N 1 165, PH » (~ORHO ¢ PON)#243.14159 / 7 !
B0 1 fée. * PDCT = 0.5 + 0.5*SINCPW)
g 9 167, IF CPONLTLCURKO = 7.)) PDCY = 0.0
:_i;% 1 168, 1F (POM.GT.CORNO-+ 8,)) POCT = 1.0 .
KRN 1 169. P0C1 = 0.95+P0CY .
KXh 1 120 € :
Ry 1 171, ¢
1 172 ¢ UPDATE NODE S TARGET STATUS AND SCHEOULE
. 1 :72. ¢ = INTERROGATIONS
Sy 1 T C '
TN 1 175, ¢
el 1 176. v = 600, .
™ 1 177. IF CTJFILE(K,3).GT.10 000) ¥ = V ¢ 300
=,:$ A 1 178.. IF CTJEILECING3).GTa10 000) ¥ = v + 300.
it : :::. TE = INTC(SR#3600.)/V)
X . IALTY = O L
1 1 181, KTRIAL = FLD(22,3,1TRACK(11,1F))
s 1 182, ‘KSCAN- = FLDC25,4,TTRACK(II,TF)) ) i
\%{ 9 183, ICLOCK = FLOCIO,8,1TRACK(IILIF))n(24028)- :
Wil 1 184, ICLOCK = ICLOCK/(20#28) :
Hen ¥ 185, ISQIT = FLDC29,3,ITRACK(IL,TF)). ;
byt 1 186. ISTATE = FLDC18,4,XTRACK(II,IF)) : :
N 1 187. IF (POMLLE.CSESITLII) ¢ 3.)) POC = 0.0 by
‘,‘: \ 1 138, IF C(PON LE. (SESITCII) ¢ 3.)) .OR. . :
e 1 189, 1 CISTATE o£Q. 0))-  THEN #-NULL STATE
] : :9?. ICONT = O .
' 9 3 C -
; ::g :l‘ltt :‘:gu‘..:";, @ NULL STATE COUNTER
. 2 194 IF CCRANJLT.POCT)aAND. CISTATELEQ.0)) ICONT = ICONT ¢ 1 i
2 195, IF CICONT .EQ. 1) THEN ) i
‘ 3 194. ISTATE = 1 . @ 1 REPLY, GO T0 SQUITTER .
! 3. 197. ICLOCK = 16 @ STLTE AND SET CLOCK TO -
ke 3 198, ¢ 16 SINCE ENTERING FRON
w*{q : ;gg. c * eLse ‘NULL STATE
KA 3 2012 ISTATE = 0 :
R 3 202. ICLOCK = 0.
‘;»;:‘Q‘,‘ 3 203, KSCAN = 0 ]
w:'( ; 2ol.. KTRIAL =0
e : 0S. ) ISQIT = O
Y, 3 206. END IF
== 2 207. "ELSE IF CISTATE .EQ. 1) THEN 3 SQUITTER STATE :
. 2 208. ICLOCK = ICLOCK = 1 3 ‘DECREMENT PURGE CLOCK3 J
i‘_,j‘ 2 209. ¢ INITIALIZE AT 16 WHEN
1A% g 5:2 g ENTERED FROM NULL STATE,
o . . 0 WHEN FROM ACQ. STATE :
it 2 a12. nSQ = MSQ + 1 9 SQUITTER STATE COUNTER ‘i
0 Py 213, IF (KTRIAL oGE. 1) THEN i i
; g 2 s:; IF ::;::n ;go. 1) THEN 2 UP COUNT INCREMENTS ;
AL . L
e 4 216. ELSE IF CKTRIAL .EQ. 2) THEN
o 4 217. KSTEP = 16 ‘
e 6 218, ELSE IF (KTRIAL .EQ. 3) THEN ;
e 4 219. KSTEP = 8 -
ol 6 220. ELSE IF (KTRIAL +EQe &) THEN :
na ¢ 221. KSTEP = & :
f,:u,:. 2 gzz. ELSE )
B 23. KSTEP = 2
V( ',' ;
B~ 20
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“on 01SMO0
o« ‘ 224,
;{;i 3 225.
it It 2264
Ko ¢ 27,
Qo 5 228.
o 5 229.
oo
s 232.
g 5 233,
u s 234,
QIS{ s 235.
?% 5 238.
o 5 237,
K s 233,
ot 4 239, 9101
3 240,
= 3 2“ -
?ﬁ 3 242,
0 s 243,
§$ ‘& 244,
B 4 24S.
5 4 . ,z4g.
2 ‘ 247.
il : 26:.
249.
) s 2500
Adi 4 251,
] ‘ 252,
L 4 253,
! 4 254.
My 3 255. 9102
57,
‘ 3 258,
oy : 259,
b 4 260,
i s 261.
Y s 2624
\ 263.
‘;gs 5 264,
. 4 265, 201
3 266,
:.\' 3 267.
& 3 268, 210
Gy 3 269.
s . 4 270,
Y 3 7M.
AR 5 272
A 5 273,
21 5 274
s 275.
s 5 277.
qu? 5 278,
ézg : 279.
3 3 280.
) 3 281.
2;1 3 282.
4
7
[
E i
’9‘ -

ol L

thh

Appendix B

END IF
00 9101 L = 1, N
CALL RANN (RAN)
IE (RAN oLT. POC) THEN .
ICLOCK = ICLOCK ¢ KSTEP
IALYY = 1§
END IF
IF CICLOCK GTe O) THEN
ISTATE = 2
KSCAN = 0
KTRIAL = KTRIAL ¢ 1
IF (KTRIAL «CT. 4) KTRIAL = &
ICLOCK =-0 .
GO TO 9102
END IF
CONTINUE
CALL RANN (RAN).
IF -(RAN LT, -POCY1) ICLOCK = ICLOCK ¢ KSTEP
IF C(ICLOCK .GE. 0) THEN
-ISTATE = 2
-KSCAN = 0. [
KTRIAL = KTRIAL ¢ ¢
IF (KTRIAL +GTa 4) KTRIAL = 4
ICLOCK = O
ELSE IF CICLOCK oLE. =40) THEN
ISTATE = 0 \
KTRIAL = O
KSCAN = O
-ICLOCK = O
1SQIT = 0
ENOD- 1IF
CONTINUE
ELSE IF (ICLOCK JGE. =1) THEN
ICONT = 0
Da 201 L = 1, (N=1)
CALL RANN (RAN)
IF (RAN .LTV. PDC) THEN
IALYY = ¢
ICONT = ICONT ¢ 1
GO0 70 210
END IF
CONTINUE
CALL RANN (RAN) .
1F (RAN .LT. PDC1) ICONT = ICONT + 1
CONTINUE
IF (ICONT .NE. 0) THEN
IF (CADAL oGT. 1.700) <ANDo
CIALTY LEQ. 1)) THEN
ICLOCK = 14
ELSE
ISTATE = 2
KTRIAL = KTRIAL ¢ 1
IF (KTRIAL «GTe &) KTRIAL = &
ICLOCK = O
END IF
ENDO IF
ELSE
ICLOCK = 0
ISTATE = O

B-21
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283,
2%4%,
28S.
284,
237,
283,
2%9.
290.
291,
292,
293,
294,
295,
296,
297.
298,
299.
300,
301.
302,
303,
304,
305,

307.
308.

310.
311,
312.
313,
34,
315,
316,
317,
318.
319,
32Q.
321,
322,
323,
324,
325,
326,
327,
328,
329.
330.
331,
332,
333,
334,
335.
336,
337,
338,
339.
340,
341,
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309.-
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Appendix B

i

KTRIAL = 0
. 1SQIT = 0
KSCAN = 0
END IF . .
ELSE IF (ISTATE .€Q. 2) THEN 3 ACQUISITION STATE
KSCAN = KSCAN ¢ 1 8 SCAN INCREMENT
NAQ = MAQ +4 8 ACQUISITION COUNTER
IF (KSCAN oGT. 6) THEN
TSTATE = ¢
‘ &SCAN = 0
1CLOCK = O
1SQIT = 0
ELSE
TTRIL=SUB GIVES MAX PERNISSISLE MISSES==A FUNCTION OF TRIAL & SCAN
IF (KTRIAL .£Q. 1) ITRY = ITRILTCKSCAN)
IF C(KTRIAL .EQ. 2) ITRY = ITRIL2(KSCAN)
IF (RTRIAL .EQa 3) ITRY = ITRILICKSCAN)
IF (KTRIAL oGE. 4)- ITRY = ITRIL&CKSCAN)
IF CITRY .NE. 0) THEN.
LCOUNT = 0 o
00 1101 L -= 1, :TTRY + 1
IF (CLCOUNTLLT.2)oAND.C(L=LCOUNT) JLE.TTRY)) THEN
CALL RANNCRAN)
IPLUS = IPLUS 4 ¢
ITORCLALUS ¢ 1) = 3
IF CINTCGS)LEQ. INTCGNT)) ITOB(LPLUSHY) = 1
‘ACQSUN. 5 ACQSUN +1 @ MODE S INTERROGATION-

RATE COUNTER
ORATECIT)- -=-DRATECIT) ¢ 1§
IF CPHT .GE. JSENS(KD) THEN
ADDRESSED RATE TO AIRCRAFT K:
DINTRTCK) = DINTRT(K) ¢ 1
IF (RAN- (LT, POCT) LCOUNT = LCOUNT ¢ 1§
IF (LCOUNT .GE. 2) THEN
KSCAN = 0
KTRIAL = 0
1SQIT = 0
IF (TE .GT. 43) THEN
“ ISTATE = & 8 GO TO DORNANCY STATE
ICLOCK = TE - 43
“DORSUM = DORSUN ¢ 1
ELSE-
ISTATE = 3 @ GO TO ROLL CALL STATE
__TCLOCK = 0
END IF
END IF
END- IF .
END IF
1101 CONTINUE
IF (LCOUNY ,EQ. 1) THEN
IF CCISQIT 2€Q. 1) <OR. C(KSCAN oEG. 6)) THEN
IF (TE oGT. 43) THEN
KSCAN = 0 i
KTRIAL = 0
ISQIT = 0
ISTATE = 4
ICLOCK = TE - 43
DORSUM = DORSUM + 1
ELSE IF CISQIT .EQ.1) THEN

B-22
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LI -DISHOD LLAJ

342, ISTATE = 3

3. . 1cLacK = 0

344 KSCAN = 0

345, KTRIAL = 0 .
346. 1sQIT =0
347. END IF

348. ELSE

349. 1SQIT = 1
350, END- IF

351, . END If

352, END IF

353, ENO IF

354 ELSE IF CISTATE.EQ.3) THEN
35S, KSCAN = KSCAN + 1

356, WROL = MROL + 1

357. IF (KSCAN <6T. 10) THEN
3s8. ISTATE = 1

359, ICLOCK = 16

360. KTRIAL = O

361. KSCAN = 0

362. 1SQIT = 0

363. ELSE

364, ITRY = IROL(KSCAN)
365. 00 401 L = 1, ITRY 2 DD UNTIL A REPLY IS RECEIVED
366. CALL “RANNCRAN)

367. IPLUS = IPLUS ¢ 1

368, ITORCLPLUS ¢ 1) = 3

369, IF CINT(GS).EQ.INTCGNT)) xtoa(LrLusot) =9 :
370. ROLSUM- = ROLSUN + 1 @ MODE S INTERROGATION ;
7. ¢ RATE COUNTER 3
372, DRATECII) = DRATECII) ¢ 1§ 8 ROLL CALL INTERROGATION
73, ¢ _ RATE COUNTER ;
3744 IF (PHILGELJSENS(K)) THEN 1
375, DINTRT(K) = DINTRT(K) ¢ §

376, . IF (RANJLE.PDCY)  THEN 3 SUCCESSFUL RECEPTION OF
377. .~ KSCAN = 0 3 REPLY

378, IF (TELGT.40) -THEN

379, ISTATE = &

380. DORSUN = DORSUM +9

381, ICLOCK = TE - 40

382, END IF

383, €0 TO 402

384, END IF .

385, END IF

384. 401 CONTINUE

387. 402 CONTINUE

388, END If

389, ELSE IF (ISTATE.EQe4) THEN 3 DORMANCY STATE
390. 1CLOCK = ICLOCK = 14

391 NNOR = MDOR + 1 3 DORMANCY COUNTER
3192. IF (ICLOCK.EQ.0) TMEN

393, ISTATE = 1 @ BACK TD SQUITTER
39, ICLOCK = 16 :
395, KTRIAL = 0 ;
396. KSCAN = 0 "
397. ISQIT = 0 :
398. END IF E
399, END IF

400. FLO(10,8, ITRACKCLI,IF)) = ICLOCK

L,

ROLL CALL STATE
ROLL CALL COUNTER 4
BACK TO SQUITTER E

ZERD TRIAL
ZERD STAN 3

»® ) - «®
R

PRI
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1 401. FLDCY1L, 4, TTRACK(TILIF)) = ISTATE :
1 402. * OFLOC22,3,ITRACK(IT,TIF)) = KTRIAL d
1 403. FLOC25,4,ITRACK(II,IF)) = KSCAN ’
1 404, FLDC29, 1, ITRACK(II,IF)) =' [SQIT .

1 405. FLOC31, 1 YTRACK(XILIF)) = O E
1 406, -LPLUS = LPLUS ¢ TPLUS N
1 407. LPLUST = LPLUS ) i
1 408, 20 CONTINUE -
409, RETURN
410. END

END FTN 1253 IDANK 240 DBANK 75362 COMMON
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DOT/FAA/PM-85/22. Appendix B
ke FILES e
* -8KTN,S BLFILES,FILES
FIN 1109 02/727285-15:35(39%)
1. SUBROUTINE FILES
20 c t +
. 3. €
be c THE FUNCTION OF THIS SUBROUTINE IS VO CREATE A FILE TO BE USED AS
Se 4 INPUT DATA TO THE OABS/ATCROS/ZAINS PPM MHICH WILL DEVERMINE THE NET .
be [ EFFECTS OF DEPLOYING TCAS SYSTEMS IN THE ENVIRONMENT.
Te c
8 c AN RRARANARantatder INPUTS /7 DUTPUTYS 2000t aaaantaftane et anARtdtddanddan
9 c
10. [ “COMMON 8LOCKS 7/ VARIABLES
:1. c INPUTS ouTPUTS DESCRIPTION
2. c
13. (4 ATE ] DRATE TOTAL INTERROGATIONS REC'D BY JCAS 1Im
14, [4 CAS /1 NAC NUMBER OF AIRCRAFTY
15. c ILNS 7 XCARR NUNMBER OF -W=S LEVELS YCAS TINM IS USING
16. 4 MISAD ¢/ MIS- MODE S MISAODORESSES
17. c SETA ! ADRESS MODE S AODRESSES
18, c TCOATA / IATIN ATCRBS INTERROGATIONS OUE TO TCAS IT M
19. c IATSU ATCRES SUPPRESSIONS OUE TO YCAS II M
20. [ TOABN MODE S INTERROGATIONS ODUE TO TCAS II N
2te [+ IDAARS NODE S SUPPRESSIONS DUE TO TCAS II N
gZ- g TCRATY / ATCRAY TCAS I INTERROGATIONS AT EACH AIRCRAFY
3e
2he (4
25. INCLUOE -RESTART,LIST
1.1 PARAMETER (NUAIR = 328)
2.1 €
3. € THE LOGICAL VARIABLE PRINT, WHEN. FALSE, WILL SUPPRESS ALL WRITE
4el C STATENENTS IN THE MODEL.
S« €
6.1 LOGICAL -PRINT
7.1 DIMENSION TJUFILE(NUAIR,8), IJFILE(NUAIR,8), ICASFI(83,NUAIR,1)
8.1 -COMMON /TCDATA/ I111¢83), DENS(83),
9.1 ? IATINCNURTIR)» TATSUCNUAIR), IDABW(NUAIR), IDlGS(NUAIR)
10.1 EQUIVALENCE (TJFILE,IJFILE)
11.1 COMMON /CAS/ ICASFI, TJFILE, NAC», IIs» PRINT
26, CONRON/ILMS/KCARRCB3) ,ANSPC(O3),IRESEYV(ES)
27« CONMON/ATE/DRATE(S3)
28, CO“NONIQISADIHIS(NUAIR)
29. COMMON/SETAZADRESS(NUAIR)
- 30. COMRMON/SENSZJSENSINUAIR) .
3. COMMON/TCAAZ/NUNTCA
324 COMMON/YEMP/ITINE
33. COMMON/TCRATI/ATCRATCNUAIR)
34. KF = 0
- 35. [
36. c
37. 00 2023 KE = 1, NAC
1 38, IF (IUFILECKE,4).EQ.3) THEN
2 39. KF = (F ¢+ 1
2 40, ANTSUP = 60.,2KCARR(KF) + 100.4DRATE(KF) i
2 41. ELSE
2 L2 ANTSUP = O,
2 43, END IF
1 bbho WRITE (10,2025) MISCKE),TOABSCKE) ,IDABN(KE) »TATIN(CKE),
1 45. ? TATSUCKE) »ADRESSCKE) »ANTSUP,ATCRAT(KE)
1 4ba 2025 FORMAT(10X/,5115,F10.5,2X2F10.3,2X,F10.3)
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¢
(12 FILES (213
1 47. 2023 CONTINUE )
1 s8. ¢ -
49. RETURN
s0. END : .

END-FTN 64 IBANK 107 DSANK 32975 COMMON
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DO'T/BAN/PM-85/22 appendix 8

-to FRUX!A e

aFTN;S 8.FRUITALFRUITA
FIN 11R1 02/727/85-16:35¢560,/)
1. SUBROUTINE FRUITA
2. c ' . .

3. C THE PURPOSE OF THIS SUBROUTINE IS YO COMPUTE FRUIT RECEIVED AT EACH
[ c TCAS AIRCRAFT::A*O 70 COMPUTE THE PROBABILITY OF REPLY
Se C FOR EACH AIRCRAFT.
60 c
7e c RANRRRNRARARNS INPUTS 7 OUTPUTS ARARARACGARRRNONA,
8a [ .
9 c COMMON BLOCKS / VARTABLES
10. C INPUTS ouTPUTS DESCRIPTION
1. c .
12, c CAS /1 ICASFI TCAS II M ENVIRONMENTAL FILE
13. [ 11 TCAS II M IDENTITY
14, 4 IJFILE A/C CHARACTERISTICS FILE
15. [ NAC NUMBER OF A/C
14, C FRUT / i* FRUTT: FRUIT SEEN BY EACH TCAS II m A/C
17. C MISAD 7/ MIS () § MISADDRESSES
18, 4 RATE 1 IADJIN - INTERROGATION RATE FOR EACH A/C
19. [ TADJSU SUPPRESSION RATE FOR EACH. A/C
20, C SENS 1 JSENS SENSITIVITY LEVEL FOR EACH A/C
21, C TCOATA 7 1111 : TCAS IXI M POINTER
22, [ IATYIN- ATCRBS INTERROGATIONS OUE 7O
23, C - TCAS ITI m A/C
244 C IATSU ATCRSS SUPPRESSIONS DUE TO
25. c ’ : TCAS II M AJC
264 C IDASN ‘5 . MODE S INTERROGATIONS
27. 4 10A8S - MODE S SUPPRESSIONS
28, (4 TPREPL / " PREP PROBABILITY OF REPLY FOR EACH A/C
29. [ TRAX 7 "JTRANS TRANSMISSION POMER FOR EACH A/C
30. [
O3 I8 4 )
32. INCLUDE RESTART,LIST
1.1 PARAMETER (NUAIR = 328)
2.1 ¢ ”
3.1 € THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE
4o1 g STATEMENTS IN THE MODEL.
s.x : '
601 LOGICAL PRINT
7.1 DIMENSTON TJSFILECNUAIR,B), IJFIL E(NUA!R'S)I XCASFI(BS:NUAIR:1)
- 8.1 COMMON /TCOATA/ 1111(83), DENS(83),
9.1 ? IAYIN}NUAIR)a TATSUCNUAIR)». TOABNC(NUAIR), IDABS(NUAIR)
10.1 EQUIVALENCE (TJFILELIJFILE)
11.1 COMMON /CAS/ ICASFI, TJFILE, NAC, IX» PRINT
33, INTEGER STATC2,NUAIR),KMISCNUAIR). .
- 34, COMMON/RATE/TADJINCNUAIR) »TADJSUCNUAIR) <
35e COMMON/ FRUT/FRUIY(S3)
36, CONMON/MISAC/NIS (NUAIR)
37. COMMON/TPREPL/PREP(NUAIR)
38. COMMON/ TRAXZ JTRANS(NUAIR)
39. CONMON/SENS/JISENS(NUAIR) *
40, [4 ,
ble C DELETE THE FOLLOWING -COMMON STHT AFTER TESTING
424 CONNDNITENPIITIHE Y
43. 4 Ta 3 B . L,
LI C i
45, DEFINE FLOCILJ/K) = ‘BITS(K,I41,J) . .
LY. IF (II <EQe 1) THEN @ AT THE BEGINNING OF EACH NEW SEARCKH
B- 27
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DOT/FAA/PM-85/22 Appendix B
t
ree FRULITA ane | ]
1 47, 001 I = 1, NUAIR @ CYCLE, SAVE MISADORESSED,
2 41, . KNIS(I) = MISCD) ? INTERROGATION, AND SUPPRESSION
2 49, IF (TJFILECT,4) .EQ. 0) THEN @ RATES FROM PREVIOUS SECOND.
3 50. STATC1,1) = IATINCDY T
3 51, STATC2,1) = IATSUCY)
3 52. ELSE
3 53, STAT(1,1) = IDABN(I)
3 54, STAT(2,1) = IDABS(I)
3 55. END IF
2 Sé. 1 CONTINUE
1 57. END IF R
1 58. € !
1 9. ¢ GET IOENTITY OF TCAS II M- AIRCRAFT,
60. IHOLD = £111(1D)
é1. FRUITCII) = O ]
62. C . t
63. 00 6000 IQ = 1, NAC @ SELECT A VICTIN AIRCRAFT,
6o C
65. ¢ CHECK THAT VICTIN AIRCRAFT IS WITHIN RANGE:
1 66. IF (ICASFI(I1,1Q,1).EQ.0) GO TO 6000
1 67. ITY = FLD(34,2,1CASFIC(I1,1Q,1)) @ FIND VICTIN AIRCRAFT TYPE
v 68, PLUL = STATC(1,10) @ NUMBER OF INTERRQOGATIONS RECEIVED
1 69. PLUS = STAT(2,1Q) @ NUMBER OF SUPPRESSIONS REZZIVED
1 70. IF CITY .EQa 0) THEN 8 ATCRSS A/C
2 7. DEDY = PLUI « 0.000060 @ DEAD TIME IS 60 MICROSECONDS
2 72, ASUP = 0.000035 @ SUPPRESSION TIME IS 35 MICROSECONDS
2 73. ELSE
2 74 0EDT = PLUT « 0.000024 3 DEAD TIME IS- 24 WICROSECONDS
2 ;2. ASUP = 0,000020 @ SUPPRESSION TIME IS 20 MICROSECONDS
2 . ENO 1F
2 7. ¢ TOTAL SUPPRESSION TIME DUE TO GROUND ATC C(IADJSU) AND TCAS II #
2 8. ¢ EMISSIONS CADDRESSES AND MISADDRESSES):
1 79. DEADT = TADJIN(1Q)*0.000060 ¢ DEDIT
1 80. DEADS = IADJSUCIQ)*0.000035 + PLUS*0.000035 + KNISCIQI*ASUP ;
1 81. DEADT = DEADI ‘¢ DEAOS 8 TOTAL DEAD TIME .
1 82. ¢ CINTERROGATION 4 SUPPRESSION) '
1 83 PREPCIQ)=1=DEADY @ PROGABILITY OF REPLY .
: 34, g €1 - TOTAL DEAD TIME) :
85, :
1 86. C ANTENNA COUPLINGS BETWEEN TCAS IT W AND YICTIM AIRCRAFT FOLLOMW, THE
1 8r. ¢ FACTOR OF 24427 SHIFTS BITS UP AND THEN BACK DOWN AGAIN TO RECOVER THE
1 8. ¢ SIGN BIT.
1 8%, I1=(FLDC0, 9, TIFILECTQ,9))224427) 3 TOP ANTENNA GAIN
1 90. 122 (FLD(9,9,TJFILECIQ,8))#24427) @ BOTTOM ANTENNA GAIN
1 9. I13=CFLOC18,9, TJFILECIQ,8))424%27) @ TOP ANTENNA GAIN
1 924 11 = 11/72%027 ’
1 93. 12 = 12/2#%27 .
1 94. 13 = 13720427
1 95, GS = T1/710.0 ¢ 4.7 ~ 1.9 2 MODE S POWER ADJUSTHENT
1 96, IF ((13710.096,7-1.9).GT46S) G5 = I3/10.0 ¢ 4.7 = 1.9
1 97. GV = 12/10.0 .
1 98. GSUN = GS + GV @ ANTENNA COUPLING.
1 99, IPOW = FLOC17,10,JCASFICTIL,1Q,1)) @ POMER COMPUTED BETWEEN TCAS II M ¢
1 100, PUR = IPOW 3 YICTIM AIRCRAFT
1 101, PUR = ~(PUR/10.) ¢ 10.+ALOGIOCITRANSCIQ)/1000000.)=0.7~0.5-3.0
1 102. ¢ TCAS I1 M REPLY POMER:
1 103. IF (TJFILEC1G,4).EQ.3) PUR = PMR = 2.2
1 104, PUR = PWR + GSUM ? TOTAL PONER
1 105. IF (PHR,GE.JSENSCIHOLD)) THEN
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DOT/FAA/PM-85/22 Appendix R
14
he FRULITA naw
. 2 106. IF (ITY JNE. 0) PLUL = O
2 107. c COMPUTE AND STORE FRUIT RATE:
2 108. FRTRAT = PREP(IQISTADJINCIQ) ¢ PREPCIQIePLUI
2 109. FRUIT(II) = FRUITCII) ¢ FRIRAT .
2 110. END IF
° 1 111, 6000 CONTINUE
112. RETURN -
13, END

END FYN 351 IBANK 1073 DBANK 33381 COMMON

e
d

- A
ERG

B

_ e
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DOT/FAA/PM-85/22 ; . Appendix B
aee ALATPN ane
AFTNsS AJHIATPM,A. . .
FIN 11R11RYTA 05/30/85-13:15(¢0)
1. FUNCTION RIATPW(NWSL)
2. -*
| PR THIS FUNCTYION OETERMINE THE HEGHEST ATCRBS W=-S LEVEL SENT WHEN A TOTAL
be OF NWSL ARE TRANSMITTED.
5. *
6o FIND THE HIGHMEST POWER LEVEL C(IN DBM) SENT
Te * .
8. INIPRE = 83 = NWSL + 1 ? PRIORITY OF HIGHEST LEVEL SENT
9. IFC INIPRI JLE. 63) THEN o )
1 10. PONLEY = 49-= (IHIPRI + 2)/4 @ HIGHEST POMER SENT B8Y TOP FRNT ANTENN
1 1. ELSE IFC IMIPRT LE. 80) THEN )
1 12. PONLEY = 36 3 HIGHEST POMER SENY BY BOTTOM .
1 13. ELSE
1 14, PONLEY = 36 = 2+(IHIPRI = 80)
1 15. END IF
1 160 B i
1 17, * CONVERT POWLEV TQ WATTS
1 18, » i ' ,
. 13. HIATPM &= 10.%*((PONLEV#6~30)/10.) 3 POMLEV COBM) ¢ 6 DBI - 30 DBM TO:-MW
20, o
. RETURN
22. END

END FTN 04 IBANK 21 -DBANK

SHOG,P  sae -FILES L
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2
@‘! %
5
% .
5
:!\5( (271} INTY (X1}
S SFTN,S BLINIT,INIT

Iy FIN 11RY 02/727785-16:35(17,)
$§ 1. SUBROUTINE INIT

¥ 2. t ) 4
:ai . 3. THIS SUBROUTINE SETS up INTTIAL VALUES FOR ALL THE COMMON
[\ 4. VARTABLES TO BE USED IN THME MODEL. OETAILED DESCRIPTIONS OF ALL
1% Se THE VARIABLES ARE CONTAINED IN THE DATA DICTIONARY OF THE TCAS
¥ 6, SIGNAL ENVIRONMENT MOOEL 8Y- C, GILCHRIST AND G. FATRICK.,

INCLUOE RESTART, LIST
PARAMETER (NUAIR = 328)

THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL NRITE
STATEMENTS IN THE MODEL.

-~
.
[z XN ¥yl [2 N 2 N e N NN o Nal

6.1 LOGICAL PRINT
7.1 OIMENSION. TIFILECNUATR,8),. TIFILECNUAIR,8), ICASFIC83,NUAIR,1)
8.1 COMMON /TCDATAZ I111(83), DENS(83),
9.1 ?  IATINCNUAIR), TATSUCNUAIR), TOABNCNUAIR), IDABS(NUAIR)
10.1 EQUIVALENCE CTJFILE,TJFILE)
1.1 COMMON /7CAS/ ICASFI, TJFILEs-NAC, II» PRINT
10. COMMON /ADJSEN/- SESITC83)
1. COMMON ZANTENN/- AZPAT(36), DIFPAT(34)-
12, COMMON ZANTO/ -PASTOPC19), -PASBAT(19)
13. COMMON /ANTT/ ANTTOP (19), :ANTBOT(19)
14, COMMON /ATE/ DRATE(S3) )
15. COMMON /8BBEAR/- TLAT, TLON,:RLAYT, RLON, DIST, BEARTX
16. COMMON /OPLYMT/ -TATCR,. I0AB, ITCA
17. CONNON /FRUT/ _ERUTT(S3) -
18. COMMON /TILMS/ ‘KCARRCE3) - ANSP(B3), IRESET(E3)
19. CONMON ZLEVEL/ ISETA, JNAX,KNAX, TPONe PHAX
20. COMNON /LEVEL2/ TCHEK -
21. COMMON /MISAD/ WISCNUAIR)
22. CONNON /ONT/ 'DINTRTCNUATR), ‘UPRATECNUAIR), AMEAN(200), ASOE(C200):
. 23. COMMON /RATE/ TADJINCNUAIR) ;- TADJSUCNUATR)
2 24. CONMON 7RCACQ/ ITRILIC6), ITRIL2(6), YTRILICSE), ITRILAG(G),
A 25. 1 1R0L(10)
a? g;. 1CONMS:LIRDLACOI ‘ROLSUM, ACQSUM; DORSUN, -MROL, MAQ, MDOR, WSQ»
. N
%# 28, COMMON /SENS/ JSENS(NUAIR)
" 29, COMMON /SETA/ ADRESS(NUAIR):
By . 30. CONMON /SINT/ LPLUS, K, ITO8(100) .
3. CONMON /SMOOTH/ -NDW(83), TIS(83), TPS(83)
: 32. COMMON /SURV/ TTRACK(83,500)
<§% 33. COMMON /TCAAZ NUMTCA
~§ 34, CONMON /TCRAT1/ ATCRAT(NUAIR),
(. 35. COMMON /TEMP/ LITME
13 36 COMMON FTPREPL/ PREP(NUALR)--
5 37. COMMON /TRANZ TCST(83)
s 38, COMMON /TRAX/ JTRANS(NUALR)
2 39, COMMON /HSCAR/ ILWS(83)
40, COMMON /MSHOUT/ IPRE(24), IPRSC40), IPRBC15), IPRBOT(4). i
%& 2;. c 1 IPONFC24), IPOMSC41), IPONB(15), IPOWBO(4)
kY 3. 00 200 I = 1, 83
3 1 bh. SESTT(IY = Q.
K 1 45, DRATE(I) = Q.
"} 1 b6.o FRUIT(L) = 0.
N
i
X
e
?E!
e ~ 39
’ﬁ:i B-3
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DOT/FAA/PM-85/22 Appendix B
11 INEIT Y
1 47, KCARR(I) = 83
1 48. * ANSP(I) = Q. *
1 49. IRESET(I) = O
1 50. NOW(X) = O '
1 1. TIs(1)- = Q.
1 52 TPSLI) = Q. .
1 53. I111¢x) = 0
1 54 -TCST(X) = Q.
1 55. ILusStI) = @
1 S6. OENS(I) = Q.
1 57. IF €1 «LTa 42) IPONS(I) = O
1 58. c !
] 59. DO 300 J4 = 1, NUAIR
2 60. ICASFICI,J,1) = O
2 é%. 300 CONTINUE
1 62. 00 37?5 J = 1, 500
2 63 . ITRACK(X,d) = O
2 64 375 CUNTINUE
1 4S. 200 CONTINUE
1 118 (4
7. 00 400 I = 1, NUAIR
1 ol. NISCI) = 0
1 49, OINYRT(!) = (.
1 70, -UPRATE(L) = 0.
1 e ‘TADJINCI) = O
1 72. ) TADJSULI) = O
1 73. JSENS(1) = 0
1 The AORESS(I) = O,
1 5. IATINCI) = O
1 76, IATSU(I) = O
1 7. IDABN(I) = @
1 78. 10A8S8(1) = O
1 19. -ATCRAT(I) = 0,
1 80, PREP(I) = O,
1 81, JIRANS(I) = O
) 82. 00 S00 J =1, 8
2 83. TJFILE(L,J) = 0.
2 8. 500 CONTINUE
1 8S. 400 -CONTINUE
1 86. c
87. D0 600 I = 1, 200
1 1.8 -AMEAN(IY = O,
1 89. ASDE(I) = 0. .
1 90. ~ 1IF €1 .LE. 100) 1TOB(1) = O *
| 12 % 600 CONTINUE
1 92. [+
93. 00 700- I = 1, 24
1 9. IPONF(I) = O
1 95« ) IF (I1.LE.15) IPONB(Y) = 0 -
1 96. 700 CONTINUE
1 §7. [
98, TLAT = 0,0
99. TLON = 0,0 N i
100. RLAT = 0,0
101, RLON = 0,0
102. 01SY = 0,0
103. BEARTX = 0.0
104. NAC = 0
105, IATCR = 0
B-32
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‘DOT/FAA/PM-85/22 . *Appendix B
[T 1N{t [T1]
]
106. 10A8 = 0
107. ITCA = 0
108. ISETA = 0
“ 109. JMAX = O ' .
110. KMAX = O
111. TPON = 0,0
112, PMAX = 0.0
13, ICHEK = @
114 ROLSUN = 0.0
116, DORSUN = (0.0
1"7. MROL = 0
118, -MAQ = O
119, -MDOR = 0
120. H$Q. = 0
121. -NULL = 0
122. LPLUS = 0
12%. X =0 .
124e NUMTCA = 0
125, ITINE = O
126. c
127. DATA (ANTTOP(I)»221,19)/-3103,=1643,-845+76.0,-4,0,~3.0,-2.0,0.0
128. #0000025000=800,=12.00=16.0,=1720,-18.0,-21.0,-25.0,=31.0,~32.0/
129, DATA C(ANTBOT(I)»In1,19)/=32.00=31.00-25.0,-210,=18.0,=17.0+=16.0,
130. '-’2-01?..0"5.00000',0-OI?2-0I.3u°l-‘.°l'§-°l‘.¢SI"16.}0"31.3’
131. DATA (ITRILI(1),I=1,6)/3,3,3,0,0,0/
132, DATA (ITRIL2(1),1I%1,6)/2,2,2,0,0,0/
133. DATA (ITRIL3(X)A3=1,6)/1,1,1,0,0,0/
134, -DATA (ITRIL&(I),I=1,6)/%,0,0,0,0,0/
135, DATA (IROLCI) 2 I=n1,100/5,403020202020202,21
136. -DATA (Al'l?(l)rI'J:S,G)’I‘O.jﬁooO.ti.12.1‘.}‘6.09-115-:27.:23.1"6-'
137. .13.0’2.01100’1olj'-l"l"‘o"'.l‘Q.O‘O-I'O‘;l"0012011610
138. 025.+,226413008003ar3022001000.004/7 .
139. DATA (DIFPAT(I) /121536071200 12021200130013241100%00600b0ar30024sr
140. ‘20017011-I‘ul‘.l‘.l‘-‘i”ll'cl'.I‘cl’.l‘.l‘.'o‘ilZ.lB.".l‘.laol
141, * 11021300140 s130013.2-
142, DATA (PASTOP(I) »In15,19)/=3123s=1603,-8c5,-2.8,-0.3,304302.0,2.5/
143, #2.50/140,=005,=360,=7e00=1120,=14.5,-17.0,~18.0,~31,0,~32,0/
144, DATA (PASBOT(I),I21,19)/-32.0,-31.00=18.0,=17:0s=14.5,11.0,-7.0
145. #0=300,=025016002:5,20502.0013,=003,"208,-8.5,-16.3/~31.3/
146, DATA (IPRFCID,I39,24)7155,9013,17221,25029,33+30,41,45,49,53
o 147, 9057261,64067070,73,76077,78,797
148, DATA (IPRS(I)r121,403/2,3,607+10,11016,15,18,19.-22,23,26,27,»
149, #30,31,34,35038,39,42,43,46047050051054055+58+59262,63,65,66+
150. 268,69,71472,74075¢
151. DATA (IPRBLL)»I=1,15)74,8,92016020,24,28,32,36040,44048,52,56060/
e 152. OATA (IPRBOY(I),Ix1,4)/080,81,82,83/
: 153, DATA (IPONBOCI),I=1,4)/0, 0» 0, O/
154 RETURN,
155, END
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Appendix B

r

LLL INPUT LLL
SETN,S B.INPUT,INPUT
FTN 1181 02/27/785-16:35(%,)
1. SUBROUTINE INPUT
2. c L] .
3. ¢ THE FUNCTION Gf THIS SUBROUTINE IS YO LOAD CHARACTERTICS FROM L. A.
4. C BASIN MODEL AND RATES GENERATED FROM DARS/ ATCR8S/ AINS/ PPM FOR
Se 4 EACH TRANSPONOER,
6o 4
7. ¢C AeRRCINRRNARS INPUTS /7 OUTPUTS RRRERARARAARS
8. 4 .
9. 4 CONMON 8LOCKS / VARIASBLES
10, 4 INPUTS guTeutTs OESCRIPTION.
11. c
12. [ R CAS / IJFILE TYPE OF EACH AIRCRAFY
13. C NAC NUMBER OF AIRCRAFY
14. [ TIFILE AIRCRAFT CHARACTERISTICS
15. 4 OPLYNY /! IATCR ‘ NUMBER OF ATCRES A/C
16. C IDAS NUMBER- OF MODE 3 A/C
17. c IvCA NUMBER OF TCAS II N A/C
18, 4 RATE 1 IADJIN INTERROGATION RATES FOR EACH A/C
;3- é IADJSY SUPPRESSION RATES FOR EACH A/C
.
2%, INCLUDE RESTARY,LISY
1.1 PARAMETER (NUAIR = 328)
2.1 ¢
3.1 € THE LOGICAL VARIASLE PRINT, WHEN FALSE, WILL SUPPRESS ALL NRITE
:-l g STATEMENTS IN THE MOOEL.
ol
6.1 LOGICAL PRINY
T.1 DIMENSION TJFILECNUAIR,B), IJFEILE(NUAIR,8), ICASFIC(83,NUALIR,1)
8.1 COMNMON /TCOATA/ T111(83), DENS(83),
9.1 ?  TATINCNUAIR), TATSUCNUAIR), IODAGNCNUAIR), IDABSS(NUAIR)
10.1 “EQUIVALENCE CTJFILELTJFILE)
11.1 COMNMON--/CAS/ ICASFI,» TJFILE, NAC, 1I, PRINT
22. DIMENSION IATINRCNUAIR),ISUPRT(NUALIR)
23, COMMON/RATE/TADJINCNUAIR) »TADJSUCNUAIR)
24, CHARACTER®A S,E,TYPE,LATA,LOND
2%, "EQUIVALENCE (TYPE,ITYPE),(NAC,N)
264 COMMON/DPLYRT/IATCR,IDAB,ITCA .
27. DATA S2R/4,8481363E-6/ @ SECONDS TQ RADIANS
28, DATA S,€/%8%,%¢%¢
29, NAC=0 8§ AIRCRAFT COUNTER,
30. RATI0=.420 @ THIS NUMBER IS (ROUGHLY) THE
3. (4 PERCENT OF THE TOVAL OEPLOY~-
324 [ MENT DESIRED., CHANGE THIS
33, < NUMBER TO CHANGE THE SIZE OF
34, c . THE DEPLOYMENT,
35. D0 100 L=1,NUAIR . 8 READ IN ATC RATES FROM
36, 4 m DABS/ATCRBS/AINS PPM
1 37. READCS,1)LATINRCLY »TSUPRTCL) 2 DALAT,DALON @ INTERROGATION, SUPPRESSION,
1 38, [ ) - LATITUDE, LONGITUDE
: 33- 1 FORMAT(10X,2110,2F1044)
‘ . c ‘
1 41, c READ THE TRANSPONDER CHARACTERISTICS FROM THE L. A, BASIN MODEL
1 42, 2 READ(S,20,END=140)LAB LAM,LAS,LATB,LOD,LON/LOS,LONBIALTY,TYPE,
1 43. « OX,DY,01
1 &b, 20 FORMAT(3I2,A1, 130,212/, A1/3KeF8a009Xrabs1XsFbabriX,Fb.401XsFB.4)
1 45. CALL RANN(CRAN) A @ RANDOMLY ELIMINATE AIRCRAFY
1 46, IF(RANJGELRATIO) GO TO 2 @ FROM DEPLOYMENT TO PROBUCE

B- 34
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DOT/FAA/PM-85/22 . appendix B

[T INPUT 11}
1 L7, c LOMER DENSITY DEPLOYMENTS.
1 48. + IONE=1
) 49, CALL FASCFO(TIONE,TYPE,TYPE) 8 CONVERTS TYPE FROM ASCIX YO

A 1 50. c ' FIELOATA,
1 51. CALL CNVRT(CITYPE) @ CONVERYS TYPE FROM FXELDA!A
1 52 c TO INTEGER.
1 53. RULAT=CCLAOA3S00) ¢CLAMED)+LAS)aS2R @ LATITUDE IN RADIANS.
1 54e RLON=CCLOD*3800) ¢ CLONNE60)¢LOS)#S2R @ LONGITUDE IN RADIANS.
1 5%« IF(LA!B(! 1).EQ.SC121))RLAT=~RLAT 8 DEVERMINE LOCATION
1 56, c (N/S AND E/N).
1 57. IF(LON0(1.1).EQ.E(i-!))ILou-!lLDN
1 53. NENAC+1} 8 COUNT a/C
1 59 [4
: :0. 4 LOAD POSITION, VELOCITY, AND TYPE OF EACH TRANSPONDER,
1. 4
1 62. TIFILE(N,1)3RLAT @ LATITUDE
1 63, TIFILE(N,2)=RLON @ LONGITUDE
1 64, TJIFILECN,3)=ALT. 8 ALTITUOE
1 6S. IJFILECN,4)=YTYPE @ TYPE OF TRANSPONODER
1 1.1 TIFILE(N,S)=DX & DX (MESTWARD VELOCITY)
1 7. TJFILE(N,6)=DY @ OY (NORTHWARD VELOCITY)
| 48, TJFILE(N, 7) =07 . @ DI C(UPWARD VELOCITY)
1 694 IFCTSFILECNS4)LEQ,0) IATCR=IATCR®Y 8 COUNT ATCRBS TRANSPONDERS,
1 70. IFCIJFILE(NSA)LEQu1) I0AB=IDABSY 8@ COUNT MODE S TRANSPONDERS,
1 1. IFCIJFILECN,4).EQ.3) ITCA=ITCA+Y 8 COUNT TCAS TRANSPONDERS,
1 2. TADJINCNI=2IATINR(N) 8-LOAD INTERROGATION RATES
1 3. c FROM DABS/ATCRBS/AINS PPM,
1 The IADJISUINI=TISUPRTIN) @ LOAD SUPPRESSTION- RATES
: ;S. g FROM OABS/ATCRES/AINS PPN,
be .
1 7. 100 CONTINUE
8. 1640 CONTINUE
7% RETURN

80. END -
*NON-STD -USAGE 3128 °*TYPE® EQUIVALENCED TO A NONCHARACTER ITEM

END FTN 1 NON-STD USAGES 183 IBANK 7946 DBANK 31988 COMMON

B- 35

t

f L S R D S SR S B b M R e e e s Y B TR T M0 D R 7R




AERATE AN LMW ISR AN IS AT AT A A A=l R A A LR L A i A e e e e e b e e W B A e L R e A A A L A el A T R T e T S e s T e R e T e

o
-
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LR | ST

o

i

SFTN,S AJINTLI E
FIN 11R1IRIA 00/01/85-15:05(37,) :

1. SUBROUTINE INTLI

2. € .

3. C THE PURPUSE UF THIS SUBROUTINE S TO CHECK THE AMOUNT OF TCAS II M ‘-
e C INTERROLATIONS SENT (HUTH MODF S AND ATCHBS), AND TD DETERNINE :
S¢ € 1f ANV OF THE THREE INTERFERENCE LIMITING INEQUALITIES ARE .

. 4e € VIOLATED. IF VIOLATED, PONER AND SENSITIVIVY ADJUSTHENTS ARE . :
7. ¢ POSSIBLE ACCORDING TO INTERFERENCE LIMITING PROTOCOL. THIS ]
8. C SUBROUTINE WAS MUOELED ACCOROING TO THE MINIMUM OPERATIONAL v
Y. € PERFORMANCE STANDLARUDS (MCPS). 3

10. [+ . -
11 [ snabnnnhoranttsstes  INPUTS / QUTPUTS ARRARAR N AR ARRANASOAN RN INRARR R EONAN }
124 c E
3. ¢ COMMON BLOCKS / VARIABLES E
e ¢ INPUTS  DUTPUTS DESCRIPYION :
15 ¢ X
16 € "ADJSEN / SESIT SESIV ’ ADJUSTED SENSITIVITY LEVELS OF TCAS II :
17. € Cas 1t YCAS II M [DENTITY -
g, € ILAS - /7 ANSP ANSP CAOJUSTED POMER LEVELS OF TCAS IX M g
19. ¢ IRESEY  IRESEY 16~SECOND FREEZE COUNTER 3
20 ¢ NUSL . M M=S LEVELS EACH TCAS II M 1S USING E
21e € SENS  / JSENS SENSITIVITY LEVELS- OF ALL AIRCRAFT

22 € SHOUTH 7 NUW NOW NUMZER OF TCAS II W DETECTED

23« € TIs SMOOTHED EMISSION POMERS . 5
26 € AVMSPY SMOOTHED TOTAL MODE S POMER E
25 € TCOATA /7 I11% TCAS I1 M POINTER FILE R
200 € TENP 7/ ITINME ELAPSED TIME E
2’ C TRAX /7 JTRANS TRANSNISSION POWER OF ALL Axlan#t .
28, ¢ E
29, € . .

30, PARAMETER ( PMATCH = 10.04C (3.0-4472/10.) ) 4 FACTOR- FOR MODE S POMER 3
31. PARAMETER ( PMSFAC = 10.%0( (~4,7)710.) ) @ MODE S POW AT AHVENIA E
32. PARAMETER ¢ ONZOB = 10.%4(.1) ) @ DEFINE 1 OB E
33, # ’ E
34a INCLUDE RESTART,LIST - 9
1.1 PARAMETER (NUAIR = 743) 3
2.1 ¢ . :
3.1 C THE LOGICAL VARIABLE PRINT» WHEN FALSE, WILL SUPPRESS ALL WRITE :
bol C STATEMENTS [N THE MODEL.

5.1 ¢C E
6.1 LOGICAL POISMOPINTLI,PTCSMT,PATHOD,PDISINSPFILES,PFRUITAPSTATS

7.1 COMMON /PRTuLZ PDKSND;PIN!LIc'lCSHT:PA!NOOoPDISIN:PFILES:PFRUIT;

sl 2 PSTATS . . .
9.1 . ;
10. OIMENSION TUFILEC(NUATIR,8), TJFILECNUAIR,8), ICASFIC83,NUAIR,1) 3
1.1 COMNON /TCOATAZ 1111(33), DENS(83), §
12.1 ?  IATINCNUAIR), LATSUCNUAIR), IDABNC(NUAIR), IDABSCNUAIR) 3
13.1 EQUIVALENCS (TJFILELLIJFILE)

téal COMMON /7CAS/ ICASFI, VJFILEs, NAC, [T, PRINT R
3S. INCLUDE TEMP,LIST : 3
1.1 COMMON /TEMP/ ITIME E
36, INCLUUL ILM3.LIST E
1.1 COMMON ZILMS/Z NHSL(S3), AMSP(83), IRESET(83), ATSUMP(0:83),

2.1 2 IRETRN, TPOW =
37. INCLUOE SMOOTHALIST E
1.1 COMMON /5HO0TH/ NOW(B3), AVMSPW(B3),TIS(83) :
34, INCLUDE AHJSENSLIST E
1.1 COMMON /JADJSEN/ SESIT(B3) G

RN L Bt
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‘DOT/FAA/PM-85/22 - 'Appendix B
39, INCLUOE ATE,LIST
1.1 COMMON /ATuZ DRATLLS3)
40, INCLUOE TRAXALINT .
1.1 CONMON /ZTRAX/ JTRANS(NUAIR)'
a1, INCLUDE SENS,LISY
b2, &
43s
tel: COMMON /7SENS/ JSENSINUAIR)
bé, 10 = 1111010 @ ID UF TCAS IL M QF INTERESY
&5, TRESETCIII=IRESET(IL) -1 @ DJECREMENT FREEZE CLOCK
46, RSEQT = 7.E46/7C1 ¢ NOJCIL) ) @ 250W & 280 A/C /7 €Y + NOF TCAS DET avY SQ)
A7. RSEQ3 = 2.E¢47(1 + NDN(CIL) ) @ 250W & 80 A/C /7 (1 +NOW)
48, = .
49, » POINT 1: ELIMINATE W=-S STEPS TO STASIFY EQUATION 3
50, «
5. 10 IFC ATSUMP(NNSLCIT) ) .GT. RSEQ3) THEN
1 52, IFC NNSLCII) LEQ. 0) THEN ® CHECK IF ANDY W=S STEP ARE LEFT
2 5%, IRETRN = O R
2 5%, RETURN
2 5% ENO IF
1 56, NWSLCTI) = NWSLCIL) = 4 @ REMOVE 1 W=S LEVEL
1 57 60 10 10- @ RECHECK EQUATION 3
1 58, END IF '
1 59, w
1 o?; * POINT 2: CHECK TO SEE IF 16 SEC FREEZE ON MODE S VARIATIONS IS ON
1 o1, .
02, LFC TRESETCIT) oGTe O oAND. ITIME .GT. 15) THEN
1 63, IRETRAN = 1 8 SEE FIGURE 3-3
1 bhe RETURN.
| 65, ELSE 4 FREEZE IS OFF
1 (1.8 .
1 ol.  « POINT 3: CHECK EQUATIONS 3. AND 3 )
1 08, . )
1 9. 20 THSPOW = -AVMSPWCII)«PNSFAC @ AVERAGE RATE & AVERAGE POMER CIN WATTS)
1 70. TATPOW a ATSUMPC NWSLLII), ). @ TOTAL, ATCRBS POWER
! 7. TPOW = TMSPONW + TATPOW d TOTAL POMER RADIATVED IN LAST SECOND
: 72a. LSEQ2 = 60eNWSLLII) + JOOWNINT(TISCII) ) @ ¥ OF USEC OF SELF=-SUPRESSION
8. ' :
: ;:. . IFC TPOW oLT. RSEQT oAND. LSEQ2 oLT. 10000)THEN 3 EQUATIONS 1 AND 2
o LA
1 76, ¢ POINT 4: CHECK TO SEE 1F MODE S RANGE > ATCRBS RANGE. SINCE THE RANGE IS
1 77, ¢ OIRECTLY PROPORTIONAL YO THE TX POWERs, AND THE ATCRBS SENS IS 3 D8 > NODE S
1 ?3.  # SENS, THE EQUIVALENT CHECK IS YO SEE IF MOODE S POW ¢ 3 08 > HIGHEST ATCRAS -W-$
1 79,  #'LEVEL SENT. A FACTUR OF 4.7 OB WUST BE SUBTRACYED FROM THE MOOE S PONER STORED
1 0. ¢ IN AMSPCII) YO ACCOUNT FOR CABLE LOSSES AND ANTENNA GAIN ON THE HORIZON. THIS
1 s;. & FACTOR MINUS -THF 5 .0B DUE TO SENSITIVITY OIFFERENCES IS THE PARAMETER PMATCH.
1 82, ¢ . i
f a3, IFC AMSPCTII*PMATCH oGTo HIATPH(NWSLCILI)) ) THEN
Bby #
2 45, * POINT S5: ADD 1 WS LEVEL AND RECHECK EQUATION 3
< sbe * .
3 b7, IFC NASLCII) 4€Qe B83)THEN, @ ALL H=S LEVELS SENT
4 13, IKETRN = 2 ' @ SEE FIGURE 3~3
- 59. RETURN
4 0. ENO IF )
3 9. TATPOM = ATSUMPC NWSLCIT) +1) @ ADD W-$S LEVEL
3 72, IFCTATPOW (LE. RSEQ3) THEN
3 93. * ’
3 74e  « POINT 62 CHECK IF ADDING A W=$ LEVEL VIOLATES EQUATIONS 1 OR 2
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‘DOT/FAA/PM-85/22 Appendix B !

3 VS, -
[ Yhe 1POM & TATPON ¢ THMSPOM
[ 9. IFCTPNN oLTe RSEQY JORe LSEQ2+460 GT.10000)THEN
S T IREYRN = 3 @ SEE -FIGURE 3~3
5 9%, RCTURN @ POINY 7
5 104, EL3E ¢
H 1. NASLCIL) = NuSL(LII) ¢+ ¢ 8 POINT 3 .
5 102, LU 10 20 @ GO TO POINTY 3 :
S 105, END IF @ END FOR POINT 6 |
4 104, END IF @ END FOR POINT § g
k) 105. END IF @ END FOR POINY & .
3 106 w E
3 102, & POINT 9: CHECK TO SEE IF MUOE S RANGE CAN BE INCREASED .
3 104, . |
2 109, PONNS 2 JTRANSCIN)Z1000. @ MAX MODE S POWER IN WATTS i
N 110, IFC AMSPCIL) oLT. PONMS)THEN _ @ INST PON < NAX POM K
3 1. AMSPLIL) = AMSP(IL) * ONEDS @ 1 D8 INCREASE IN POMER B
3 112, SESITCLII) = SESIVCIT) ~ 1. @ 1 D8 OECREASE TN MTL :
3 113, IRESET(IL) = 16 8 POINT 15 RESET FREEZE o
3 114, IXKETRN 3 « :
3 115, RETURN . s
$ 110. ELSE :
3 17, IRETRN = S :
3 114, RETURN 8 POINT 11 h
3 1197, END IF =
3 120, . ,
2 }i;. ELSE # COME HERE FROM POINT 3 IF IT IS FALSE . N
¢ . »
2 123, = POINT 12: DOES MUDE S RANGE EXCEED ATCRES RANGE ?
2 12, . .
2 145, ATPW = HIATPHWCNMSL(II) ) “
2 120a ANSPH = AMSPUIT) & PHATCH
2 1272. ¢ WPITECO,T10)AMSPLIT) S ANSPNLATPN :
2 :Zd. 16 FORMAT(® IN INTLLI LINE 1253 ANSP ANMSPN ATPU',3F8.1) <
2 29. . ’
2 140, IFC AMSPOTI)oPHATCH GT, HIATPWU(NWSLCII)) ) THEN
3 151, AMSP(II) = AMNSP(IL) / ONEDS @ 1 D8 DECREASE IN POMER
3 152, SESITCII) = SESIT(IL) + 1, @ 1 0B INCREASE IN MTL
3 133, IRESET(IL) = 16 @ POINY 15: FREELE MODE §
3 134, [RETRAN = § 8 SEE FIGURE 3-3
3 135, RETURN
3 1364 ELSE ¢
3 152, NWSLCTL) = NWSLCII) = 1 @ POINT 143 DELETE 1 W~S LEVEL "
3 133, IFC NWSL(IL) .EQe OQ)THEN @ NO W=S LEVEL LEFT TQ ODELETE
4 139, WRITECS, )P IN INTLL: ALL W=S*Y, i
4 1404 2 ¢ LEVELS OELETED FOR TCASH -=2%,12
" 161, IREYRN = 7
4 1l RETURN
4 143, ¢ND IF .
3 144, GU TO 20 @ GO Y0 POINY 3
3 145, END IF -
2 146, END IF a ¥
1 147, END IF .
1 143, »

149, RETURN .

150 END .

END FTN 323 ISANK 99 OBANK 72999 CUMMCN
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‘DOT/FAA/PM-85/22 Appendix B

(117 LOAD LA L]
AFTN,S 8.L0AD,LOAD
FIN 1101 02727/785-16:35¢15,)
1. SUBROGUTINE LOAD
2. 4 ' .
3. C THE FUNCTIONS OF THIS SUBROUTINE ARE:
Ao c « YO UPDATE ALRCRAFT POSITIONS
Se 4 20 T0 COMPUTE THE MEADING OF SACH TCAS
be 4 3. TO UPDATE MODE S TRACK ARRAY (1 TRACK)-
7. (4 4o TO LOAD ARRAY BETWEEN TCAS AND VICTIM AIRCRAFT (ICASFI)
8. c * THAY CONTAINS POWER, RANGE, SEARING, AND TYPE
9e 4 Se YO COMPUTE THE AIR TRAFFIC DENSITIES ABOUT EACH TCAS.
0. ¢
11. [4 sedtnatnsnndbtnnsnanttit INPUTS 7 QUTPUTS R440A0aratadd ot tsadtsiRandtn
12. €
13. [ COMMON BLOCKS / VARIABLES ’
:4. (4 INPUTS  OUTPUTS OESCRIPTION
5. C >
16. c CAS ' ICASFI: TCAS IXI M ENVIRONMENTAL FILE
17. (4 NAC NUNBER DF AIRCRAFY
18. 4 TJFILE A/C CHARACTERISTICS FILE
19. c SuRv 1 YTRACK ITRACK MODE S TRACK FILE
20, c TCAA 7 NUNTCA NUMBER OF YCAS I1 N AIRCRAFY
21. c TCOATA / OENS AZC OENSITY ABOUT EACH TCAS II W
22. 4 1111 ' TCAS I1I M POINTER FILE
23, c TERP 1 ITIME ) * ELAPSED TINE IN SINULATION
2he 14
25, [ 4
26, LOGICAL ZERD-
27, CoNNONIIlBEAlItLAToYLON;RLlYolLﬂN:DXST:IEARYK
28, INCLUDE RESTART,LIST ~..:
1.1 PARARETER (NUAIR = 328)
z.l c
3.1 C " THE LOGICAL VARIABLE PRII:T, WHMEN FALSE, WILL SUPPRESS ALL MRITE
41 C STATEMENTS IN THE MOOEL.
5.1 €
6.1 LOGICAL PRINT
7.1 DIMENSION- TJFILECNUALIR,8), TJFILECNUAIR,8), ICASFIC83,NUAIR,1)
8.1 COMMON /TCDATAZ 1111(83), DENS(E3).,
9.1 ? TATINCNUAIR)» IATSUCNUAIR), IDABNCNUAIR), IDABSCNUAIR)
10.1 EQUIVALENCE (TJFILE,IJFILE)
11.1 COMMON /CAS/ ICASFI» TJUFILE, NAC,» 11, PRINT
29, COMMON/SURV/ITRACK(83,500)
30. COUMMON/TENP/ITINE .
31. COMNON/TCAA/NUNTCA .
32. DINENSION THETA(83)
33, DEFINE FLO(I,J,K)= 0113((:!01:J)
34, CF = 0.0002909 . @ CONVERTS NAUTYCAL MILES TO
35. c RADIANS.
36, 1 IFCITINELNE.O) THEN
37. 4
gﬂ. 4 UPOATE A/C POSITIONS EVERY FORTY SECONDS.
e 4
1 40. D0 310 KR = 1, NAC ,
2 41, QLAY = TJFILE(XR,Y)
2 424 TIFILE(KR, 1) = TUFILE(KR,1) ¢+ (TJIFILE(KR,E)2CF)#40,
2 43, TIFILE(KRA2) = TUFILECKR,2I*(TIFILECKR,5)«CF/COSCQLAT))#40,
2 hée ' TJFILEC(KR,3) = TUFILECKR,Z) ¢ TUFILE(KR,7)#40.
2 hS. 310 CONTINUE
1 hé. END IF

: . B~-39
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DOT/FAA/PM~85/22 Appendix B

ane LOAD Nhh

1 AT. C

1 48, c LOAD/UPD/LYE ARRAYS.

1 49. 4
50. DENSU = 0. ' @ IERO OUY DENSITY COUNTERS
51. DENSUT = (.
52, DENSUS = Q.
$3. DENSU3 = 0,
54, DENSS = Q.
55. DENS3Q = 0.
56. D0 300 I = 1, NUNTCA 8 LOOP OVER ALL TCAS II M A/C
$7. c
Sg. c COMPUTE HEADING OF TCAS IT M
59. c

1 60, IH = I119¢D)

1 é61. THETACL) = ASINCTJIFILECINL6)/ZCCTIFILECIN,5) 002 ¢

1 62, 1 TIFILECINS6)n02,)220.5))057.2957

1 63, c

1 64, (4 THE FACTOR OF 57.2957 IN THE ABOVE EQUATION CONVERTS. THE ANGLE FROM

1 65, c RADIANS YO DEGREES.

| 66, c

1 67. c “THE ANGLE THETA ABOVE WAS COMPUTED IN THE FOLLOWING COORIDINATE SYSTEMS

1 88. [ OUE MEST IS O DEGREES, DUE _NORTH IS 90 DEGREES, EAST IS 180 DEGREES,

1 69, c AND SOUTH IS 270 DEGREES. HOWEVER THE CODRIDINATE SYSTEM WE WISH TO

1 70, 4 WORK IN IS . AS POLLOWS: NORTH AT O DEGREES, WEST AT 90, SOUTH AT 180,

1 1. c AND EAST AT 270. THE CALCULATION ABOVE ALSO ASSUMES THAT THE PLANE

1 72. c IS HEADING WEST, SO TO CORRECT THESE PROBLENS, WE MUST SUBTRACT THE

1 73. c ASOVE ANGLE FROR 90 DEGREES, AND IF IT IS HEADING EAST SUBTRACT THAT

1 Tée [4 ANGLE FROM 360 DEGREES, WHICH RESULTS IN. ADDING 270 TO IT. (NENW

1 75. C THETA = 90 = THETA, AND EAST ~THETA = 360 = NEW THETA = 360 - €90~

1 76, C THETA) = 270 ¢ THETA.)

1 7. c

1 79. IF (TJFILECIH,S) oLT.0.) YA = 270, ¢ THETALID)

1 80. THETACI) = YAN*3,14159/180. 8 3.14159/180 CONVERTS THE

1 81, (4 ANGLE BACK INTO RADIANS

1 a2. MAXNAC = 0

1 83, TLAY = TJFILECIN,Y) 9 TCAS IIM LATITUDE IN RADIANS

1 84, TLON = TIFILEC(INH,2) @ TCAS IIN LONGITUDE IN RADIANS

: :2- c ALTY = TJYFILECIN,3)/6076.0 9 TCAS 1IN ALT IN NMI

1 87. c LOOP OVER ALL AIRCRAFY

1 38, c

1 89, 00 500 4 = 1, NAC .

2 90. ICASFI(1,4,1) = O 4

2 81. IF (IH.EQ.J) GO TO 500 @ OON'T SELECT THE TCAS II W AS

2 92, ¢ THE VICTIM AIRCRAFT.

2 93. RLAT = TJFILECJ,1) 8 UPDATE VICTIM AIRCRAFY

2 946e c LATITUDE (RADIANS).

2 95, RLON = TJFILE(J,2) @ UPDATE VICTIM AIRCRAFY

2 96. c LONGITUDE (RACIANS).

2 97. ALT2=TJIFILE(I,3)/76076.0 @ VICTIN AIRCRAFT

2 98. [ ALTITUDE (NMI),

2 99. CALL BEAR @ COMPUTE R,THETA OF VICTIM

2 100. [4 AIRCRAFT.

2 101, BEARTX = BEARTX * 40.

2 102. A = DIST @ HORIZONTAL DISTANCE

2 103. [4 (NAUTICAL MILES).

2 104, 8 = (ALTT - ALTD) @ OIFFERENCE IN ALTITUDE

e 105. c CNAUTICAL MILES).
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DOT/FAA/PM"BS/ZZ Appendix B
) YY) LOAD us
2 106« C = (SQRTCA%A + BeB))10, 9 STRAIGHT =~ LINE DISTANCE
2 107. ¢ . C(SLANT RANGE).
2 108. SLTRG = C + 1. @ IN TENTHS OF NAUTICAL MILES
2 109. IF CIJFILECJ,4).EQ.0) GO TO 5004 @ IF MODE S OR TCAS II M A/C,
2 110 € UPDATE TRACK FILE
2 11. DxABS(841,15+5280.)
2 112. IF C((SLTRG JLE. 500) .AND., (B .LT. 1.48)) THEN
2 113, C LOAD NEW AIRCRAFT
3 114, 2ERD = FALSE.
3 115. . 00 1200 Ix = 1, 500
4 116. IF (FLDCO,10,ITRACK(I,IX)).EQ.J) GOTO 1201
4 117. IF CCITRACKCIAIX)oEQaD)oAND. (. NOTLZERG)) THEN
S 118. LERD = ,TRUE.
S 119. J1 = IX
5 120. END IF
4 121. 1200 CONTINUE
3 122. FLDCO,10,ITRACK(Z,41)) = J
3 123. 1201 CONTINUE
3 124, ELSE ? ELININATE FROM MODE S TRACK
3 125. 00 500% 1z = 1, 500 ® FILE ALL AIRCRAFT BEYOND S0
4 126. IN = FLDCO,10,ITRACK(I,I2)) @ NMI OF TCAS II M.
4 127. IF (IN EQe. J) ITRACK(I,IZ) = Q
4 128. 5001 CONTINUE
3 129. END 1IF
2 130. $004 CONTINUE
2 131. c
g 132. c UPDATE TCAS ENVIRONMENTAL ARRAY
133, [4
2 134, (4 IN THE FOLLOWING PROPAGATION LOSS EQUATION:
2 135. c 37.80. 5 CONSTANT ADJUSTMENTY =ACTOR-FOR THE UNITS
2 136. C 1030 = UPLINK FREQUENCY IN WEGAHERTZ
2 137. c SLTRG/10 = THE SLANY RANGE IN NNI
2 138. c 3.0 = CABLE LOSS
g :29. c 60.0 = CONVERSION FROM KILOWATTS TO MILLINATYYS
Q. c
2 141. AP = 37,80420.%AL0G10¢1030.)¢20.%ALOGIOCSLIRG/10.)43.0~60.
2 142, PR = (=AP)#+10. @ LOSSES WITHOUT ANTENNA
2 143, [ COUPLINGS.
2 144, If (SLYRG.GE.S500) ICASFI(I,J4.1) = O
2 145, IF C(SLTRG.LTL.500) THEN
3 146. IF C(ALLE.10.) MAXNAC = MAXNAC *+ 1 8 COUNT THE AIRCRAFT WITHIN
3 147. c 10 NMI OF TCAS ILIN.
3 148, IX = INT(SLTRG) @ RELATIVE RMANGE,
3 149, 1Y = INTC(BEARTX) 8 RELATIVE BEARING.
3 150, IZ = INT(ABS(PR)) @ RELATIVE POWER.
3 151, FLDCD0,09,2CASFI(I,J,1)) = IX ® LOAD RANGE.
3 152. FLOC17,10,ICASFICILJde1)) = 12 @ LOAD POWER.
3 153, FLOC34,2,1CASFI(2,d,1)) = TJFILECJe4)
3 154. TENPT = (IV/40.) = THETA(I)
3 155. IF (TEMPI.LY,0) TENPT = TEMPY ¢ 6,20318
3 156, TEMP = (TENP1/0.098175) + 1
3 157. MSEC = INT(TEMP)
3 158. IF (MSEC.CQ.0) KSEC = ¢ .
3 159. FLOC27,7,1CASFI(Y,J,1)) s MSEC
3 160, IF (MSEC.GT.465) FLD(27,7,1CASFI(1,4,1)) = 64
3 161 THE = 1E"P1.‘°l
3 162, FLNL9, 8, ICASFICT,2,1)) = INT(THE) & LOAD BEARING OF VICTIM.
3 163, END IF @ END VICTIM ALE FILE.
2 164, 500 CONTINUE
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ane LOAD hn

165.
‘66.
167.
148.
169.
170.
171. 300 CONTINUE @ END TCAS AIRCRAFT.
172. RETURN

173. END

COMPUTE LOCAL DENSITY ABOUT TCAS II M

DENSCI) = MAXNAC/(3.14159+100.) 8 AIR TRAFFIC DENSITY .
WITHIN 10 NAUTICAL MILES.

[a N o) [ BN 2]

R PRI
e T T,
;‘:-oé’
- ot v P NN

) END FTN 517 IBANK 206 DBANK 72837 COMMON
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DOT/FAA/PM-85/22 Appendix B
R ' PRESET (12
AFTN,S B.PRESET,PRESET
FIN t1rY 02/727/785-16:35(47,)
1. SUBROUTINE PRESET
- 2. < ! .t
3. 4 THE PURPOSE OF THIS SUBROUTINE IS5 TO APPROXIMATE THE INTERFERENCE -
4. c LIMITING EFFECTS ON EACH TCAS AIRCRAFT,
5e [ THIS SUBROUTINE IS ONLY CALLED FOR °*ITIME = 0°,
6o [
Te [ SARNRARRARNNEAD INPUTS 7 OUTPUTS ARG RRARARAR
.18 [ .
9. c COMMON BLOCKS 7/ VARIABLES
}O. C INPUTS ouUTPUTS OESCRIPTION
1. c
12. c ADJSEN ! SESIT TCAS I1 M SENSIVIVITIES ADJUSTED
13. c _TO CONFORM TD I-L EQUATIONS
1. c CAS ! TJFILE AIRCRAFT CHARACTERISTICS FILE
15. c DPLYMY. 1 10AB NUNBER OF MODE S AIRCRAFY
16. [+ ITCA ’ NUMBER OF TCAS IXI-M AIRCRAFY
17. 4 ILMS [ ANSP TCAS II M TRANSMISSION POMER,
18. 4 ADJUSTED YO SATISFY I-L EQNS,
19. c SENS 7 JSENS AIRCRAFT SENSITIVITY LEVELS
20. c SURY 1 ITRACK MODE S TRACK FILE
21. [ 4 TCAA 1 NUNTCA NUNBER OF TCAS AIRCRAFY
22. c TCOATA /7 1111 o ’ TCAS II M POINTER FILE
23. c TRAX 7 JTRANS AIRCRAFT TRANSMISSION POWERS
24, c P .
25. c
26. INCLUOE RESTARY,LIST
1.1 PARAMETER (NUAIR = 328)
2.I € .
3.1 C THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE
4o1 C STATEMENTS IN THE MODEL.
S.1 €
6.1 LOGICAL PRINT
7.1 DIMENSION YJFILE(NUAIR:I): XJFXLE(NUAXI:S)' ICASFL1C83,NUALIR,1)
8.1 COMMON JTCOATA/ 1111(83)1 DENS(83),
9.1 ? IATINCNUAIR),» TATSUCNUAIR), IOABNCNUAIRI» IDABSCNUAIR)
10.1 EQUIVALENCE (TJFILE,IJFILE) ’
11.1 CONMON FCAS/ ICASFI, TJIFILE, NAC» Il, PRINT
27. COMMON/SURV/TITRACK(83,500)
284 COMMON/ TCAA/NUNTCA
- 29. COMMON/ ILMS/KCARRCBI),ANSP(83),IRESET(SS)
30. COMMONZADJISEN/SESIT(SY) .
31. COMMON/TRAXZJTRANS(NUAIR)
32. COMMON/SENS/ZJSENS(NUAIR)
33. COMMON/DOPLYMT/SATCR,IOAB,ITCA
- 34a DEFINE FLODCI/J/K)2BITS(K,I41,))
35. NTRK = 500 8 NUMBER OF TRACKS IN TRACK FILE
6. 00 1 IT = 1, NUNTCA 8 LOOP OVER ALL TCAS IIM A/C
1 37. SQTARG = 0,
1 38. AQYARG = 0.
1 39, RCTARG = 0.
1 40. LT = I149CIT)
1 4. TCALT = TJIFILE(LT,TI) @ TCAS IIM ALTITUDE.
1 42, D0 2 IF = 1, NTRK @ LOOP OVER YCAS IIM-MODE S
2 43. K = FLOCO,10,ITRACK(IT,IF)) 8 TRACK FILE.
2 bh. IF (K.EQ.0) GO YO 2 @ AIRCRAFT REMOVED FROM TRACK
2 454 ITENP =2 FLO(34,2,ICASFIC(IT,K,1)) @ GET ID IN ENVIROMENT ARRAY
2

46. IF CITEMP.EQ.O0) GO TO 2 @ O MEANS ATCRSS AIRCRAFT,
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DOT/FAR/PM-85/22 Appendix B
e PRESET 111}
2 47. SR = FLDCO,9,1CASFIC(IT,K,1))/10.
2 48, . IF (SR.GT.35.) GO TO 2 9 SR GREATER THAN 35 NNT .
2 49. SQTARG = SQTARG + 1 @ SQUITTER COUNT (SQTARG)
H 50, AMNSALT = TJFILE(K,3) 9 MOOE S ALT. (FEET). '
r4 51. OALT = ABSCYCALT = AMSALT) @ DIFFERENCE IN ALT. (FEET),
2 53 IF (DALT.(T.9000.)- GO TO 2
2 S4. IF (SRaGV.Te16) AQTARG = AQTARG + 1 @ COUNY NUMBER IN AQUISITION
2 554 IF (SRLLE.7.16) RCTARG = RCYARG ¢ 1 93 -COUNT NUMBER IN ROLL CALL
2 S56a 2 CONTINUE @ END TRACK LOOP,
- 57. INDS = IDAS + 1ITCA @ TOTAL NUWBER OF MODE S
1 58. c . _ AND TCAS IIM AIRCRAFY.
1 59 NTCS=SQTARGA(FLOATCITCA)I/Z(FLOATCINDS))@ TOTAL NUMBER OF SQUIVTER
1 §0. c TARGETS FOR MODE S /7 TCAS,
B E 61.. [
1 62.. € DETERMINE NUMBER OF POMER & SENSITIVITY AOJUSTMENTS MEEDED YO SATISEY
L5 63 c INEQUALITY ¥t OF INTERFERENCE-LIMITING., MAKE NO MORE THAN SEVEN
?2 :;. c ADJUSTMENTS. SEE ECAC~PR-84-~003 AND THE TCAS MOPS FOR MORE INFORMATION.
1 65 (4 |
1 66, i JATEN = =1
b ] 67, ANEQ = 300.
1 68, c .
Kl 49, 1200 TF (CANEQ oGE. 280.) <AND. (JATEN .LE. 7)) THEN
2 70. JATEN = JATEN ¢ 1 .
2 71. c .
2 T2, C APPRUXIMATE THE NUMBER OF INTERROGATIONS SENT 8Y TCAS TIM.
g ;2. c NHT=((1.29RCTARG)*(0.05*AQTARG* (0. 8904 *JATEN)))
2 75. € CALCULATE INEQUALITY #1 AND-CHECK TD SEE IF IT -HAS OEEN SATISFIED.
2 76, ANEQ = NHT#(,B892+4JATEN)&NTCS
2 7. GD To 1200
2 78. END IF ‘
1 79 SESITCIT) = JSENSCLY) ¢ JATEN 8- ADJUSTED TCAS IIM SENSITIVITY
1 80, c Y0 BE USED IN I-L.
1 81, ATRANS=JTRANS(LT) /1000, .
1 82. ANSPCITInCATRANS# (O, 79004 JATEN)) 8 ADJUSTED TCAS IIM PONER
1 83. c . TO BE USED IN I-L.
1 84, 1 CONTINUE
85. RETURN
86, END

END FTN 236 IBANK 88 OBANK 73821 COMMOM
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(113 RANN (XY

@FTN,S B.RANN,RANN

FIN 1181 02727/85-16:35(4,)
1. SUBROUTINE RANNCRAN)
2. c : ’
v Se c THIS SUBROUTINE IS A RANDON NUMBER GENERATOR DEVELOPED BY C. M. EHLER.
4. (4
Se LOGICAL GTISY
6. IF (.NOT.(GTIST)) THEN
1 7. ISEED = 532413
) 8. GTIST = ,TRUE,
1 9. END IF
10. ISEED = ISEED~3125
1. RAN = ABSCFLOATCISEED) )*.2910383048299172500-10
12. RETURN-
13. END

END FTN 39 IBANK 16 DBANK
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(213 SYATS (21 ]
AFTN,S B.STATS,STATS .
FIN 11RY 02727785-16:35(49,) 4
;. SUBROUTINE STATS
« € ’ .
3. c THE PURPDSE OF THIS SUBROUTINE IS TQO COMPUTE STATISTICS FOR SEVERAL
he ¢ TCAS VARIABLES. .
S« € .
6 C ARAARARANNOANARNERARARGNS INPUTS /7 OQUTPUTS Sasaanaataettaatenstantassndad
Te c
8. 4 COMMON BLOCKS / VARIABLES .
9. c INPUTS ouTPUTS DESCRIPTIONS
0. ¢ :
1. c ATE / ORATE DRATE TOTAL -INTERROGATIONS REC*D 8Y TCAS IIN
12. c CAS /7 NAC NUWRBER OF -ATRCRAFT IN DEPLOYMENT
13. c OPLYMNT /7 IATCR NUMBER OF ATCR8S AIRCRAFY
14 (4 1048 NUMSER OF MODE S AIRCRAFT
15. ¢ ITCA NUMBER OFf TCAS LI N AIRCRAFTY
16. ¢ SHGOTH /7 NOW ‘ NUNBER OF TCAS IIN INTERROGATIONS
17. (4 TCDATA /7 TIATIN ATCRBS INTERROGAYIONS DUE: 7O- TCAS II N
18. (4 IATSU ATCRES SUPPRESSTONS DUE TO TCAS II N
iv. 4 IDASN MODE S INTERROGATIONS DUE YO TCAS Il M
20. c 10A8S MODE S SUPPRESSIONS DUE TO TCAS II M
21. C TCRATY / ATCRAT TCAS 1 INTERROGATIONS AT EACH AIRCRAFY
22, 4 TENP 7 ITINE SINULATION TIME
23. (4
24, (4
25, INCLUDE RESTART,LIST
tal PARAMETER C(NUAIR = 328)
3.1 € THE LOGICAL VARIABLE PRINT, MHEN FALSE, MILL SUPPRESS ALL WRITE
LY S A STATEMENTS IN THE MOODEL.
5.1 €
6.1 LOGICAL PRINY
7.1 DIMENSION TJIFILECNUAIR,8),» TJFILECNUAIR,8), TCASFI(83,NUALIR,1)
8.1 COMMON /TCOATA/ I131(83), DENS(83).,
9.1 ? IATINCNUAER), TATSUCNUAIR), IOABNCNUAIRY, IOABS(NUAIR)
10.1 EQUIVALENCE (TJFILE,IJFILE)
11.1 COMMON /CAS/ ICASFI, TJFILE, NAC, 11, PRINT
26. COMMON/TEMP/ITINE
27. COMMON/SHODTH/NQWL83) TIS(83),TPS(83)
28. COMMON/ATE/ORATECS3)
29. COMMON/OPLYNT/IATCR,IDAB,ITCA
30. c COMMON/TCRATI/ZATCRATCNUAIR) .
31. \ -
32. [ COMPUTE AVERAGE NUMBER OF TCAS II N WITHIN EACH TCAS VOLUME, AND
33, g AVERAGE NUMBER OF INTERROGATIONS SENT BY TCAS II M.
34e
354 SIGSUM = 0,0
36. PSUN = 0,0 -
37. osuM = 0.0
38. 00 10 NS = 1, ITCA
1 39. ANOW = NOW(NS) @ TCAS IIM SQUITTER COUNTER.
1 40, PSUN = PSUM ¢ ANOW/FLOATCITCA) 8 COMPUTE AVERAGE Nuﬂﬁﬁl oF
1 1. SIGSUM = SIGSUM + ANOWAANOMW @ TCAS IIM IN VOLUME.
1 42. DRATECNS) = DRATE(NS) ¢ 1
1 43. DSUM = DSUM ¢ ORATE(NS)/FLOAT(ITCA) @ AVERAGE INTERROGATIONS
1 b 10 CONTINUE
45, ESDEV = SQRY((SIGSUM/FLOAT(ITCA)) < PSUM*PSUM)
b6, 4
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1) STATS

&7,
48.
4%
50.
51.
52e
53.
54,
55
56,
57.
58,
59
60.
61,
62,
63.
6he
65.
66,
67
68.
69,
70.
1.
72,
73.
T4,
5.
76.
7.
18.
79.
80.
81.
82.
43,
84.
85,
86.
87.
83,
89,
90.
9.
92.
93.
9.
95.
96.
97.
98.
99.
100.
101,
102.
103,
104,
105.

RRNNNRNNNNNNNNONNNNROAN D o ob

et R,

(2 X aNa)

O OoOOn

11

12
*
?
?
?
?
?
?
?
?
?
?
?

13

?
?
?

- Appendix B
YY) *
S5UK = ITCA ¢ 1DAB 2 TOTAL NUMBER OF MODE S A/C
SUMY = TATCR @ NUMBER OF ATCRBS-ONLY A/C
15UM2 = 0 .
ISUM3 = 0 | .
ISumMs = 0
ISUMS = O
ISUMS = O
1SUn9 = 0
15Un10 = 0
ISumt = 0

00- 11 IK = 1, NAC
1F C(IJFILECIN,4) o NELQ) THEN

COMPUTE STATS ON TCAS 1, TCAS IIMs AND MODE S INCERROGATIONS.

ISUNM2 = ISUN2 ¢ TOABNCIK) ¢ ATCRAT(IX)
ISUN3I = ISUR3 + I0ABS(IK)
ISUM4 = ISUMG + CTOABNCIK) + ATCRAT(IK))#e2,
ISUNS = ISUNS ¢ IDABSCIXK)*I0A8S(IK)
ELSE

COMPUTE NUMBER OF WHISPER~SHOUT INTERROGATIONS AND SUPPRESSIONS
RECEIVED AT ATCRSS.

ISUNS = ISUME ¢+ TATINCIK)®ATCRATC(IX) @ W-S INVERROGATION RECEIVED
AT ATCRBS DUE TO TCAS I 8 II

ISUN9 = ISUM9 ¢ IATSUCIK) @ WHISPER-SHOUT SUPPRESSION
-RECEIVED AT ATCRSS,

ISUKTO = ISUMI0 ¢ C(IATINCIK) + ATCRATCIK))ee2,

ISUMTT = ISUNMTY & IATSUCIK)«IATSUCIK)

END IF
CONTINUE
AL = ISUNS/SUMY @ ATCRSS INTERROGATION.
AS = ISUM9/SUM1 @ ATCRBS SUPPRESSION.
AISOV = SQRY(CISUMIO/ZSUMT = AX#AT) @ STANDARD OEVIATION
ASSDV = SQRYCISUMIT/SUNY = AS~AS)
DI = ISUM/SUN @ AVERAGE MODE S INTERROGATIONS
0S = ISUNI/SUM 8 AVERAGE MGOE S SUPPRESSIONS
DISOV = SQRT(ISUML/SUM - DI«DI ) @ STANDARD ODEVIATION

0SSOV = SQRTCISUNS/SUM = D3S4DS)

IF (PRINT) WRITE(*,12) ITIME, PSUM, ESDEV, DSUM, Al, AISDV, AS

IF (PRINT) MRITE(4,13) ASSOV, DI, DISOV, DS, DSSOV

FORMAY (*1°,1X,°STHULATION TIME: 1,13, SECONDS*/s/7+/,1%»
SAVERAGE NUMBER OF TCAS II M IN ANY TCAS II M VOLUME: °,
F10.42701%, .
¢ STANDARD OEVIATION: ‘S
F10ekololriXs
*AVERAGE NUMBER OF XNTERRUGAYIONS SENT BY TCAS II Mz ¢,
F10akololsiXs
*AVERAGE ATCRBS INTERRROGATIONS RECEIVED DUE YO TCAS II M: °,
F10.427,1%,
s STANDARD DEVIATION: A
F10usbslrlsiX, i
':VER:GE ATCRBS SUPPRESSIONS RECEIVED OUE TO TCAS II M: 9,

FORMAY (/.1X,
¢ STANDARD DEVIATION: '
F10.40752,%%,
SAVERAGE MODE S INTERROGATIONS RECEIVED DUE TO TCAS TI Mz °,
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-DOT/FAA/PM-85/22 Appendix B
ted STATS [ 23]

104. ? F10s4sls1X%s
107. 7 * ' STANDARD OEVIATION: ., ‘
108. ? F10e40l,7,1%,
109. ?  YAVERAGE MDDE S SUPPRESSIONS RECEIVED OUE TO TCAS II M: !, .
110. ? F10.40/,1%s
111, ? '  STANDARD DEVIATION: ', .
112. 7 F10.4)
113. RETURN
114, END

END FTN 297 IBANK 309 DBANK 31993 COMMON

“

o q-Y,
2 STl v

s m e
P70
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,%t aen TCASY aee

e

s AFTN,S B8.TCAS1,TCASY

f FIN 1101 02/27785-16235(19,)
& 1. SUBROUTINE TCAS?

) 2. ¢ ' .
M 3. € THE FUNCTION OF THIS SUBROUTINE IS TO DETERMINE THE EFFECTS OF

! I be € DEPLOYING TCASY AIRCRAFT IN THE ENVIRONMNENT. ALL MODE S AIRCRAFY

o 5. € ARE ASSUMED TO BE TCAS I-EQUIPPED. THIS SUBROUTINE IS CALLED ONLY
ﬁﬁ ée € WHEN A TCAS I ANALYSIS IS CONDUCTED.

: 7. ¢

8. 4 ’

3 9 c anndnnnstntsbdnds  INPUTS /7 QUTPUTS ARaatnnaaadR iR ans ottt afadaddastndne
: 10, ¢C

é% 11. ¢ CONMON 8LOCKS / VARTABLES

3 12 ¢ INPUTS  OUTPUTS DESCRIPTION

2 13. ¢ ) )

§§ 14e ¢ ANTO 7 PASSOY RECEXVING ANTENNA PATTERNS: BOTTOM
B 15 ¢ paSTOP Tor

16. ¢ ANTT 7 ANTROT TRANSNITTING ANTENNA PATTERNS: BOTTOM

- 17 ¢ / ANTTOP Tor

3 18. ¢ CAS 7 TJFILE AIRCRAET TYPES

e 19. ¢ NAC NUNBER OF AIRCRAET

?ﬁ 2. ¢ TJFILE AIRCRAFT CHARACTERISTICS

$ 2. ¢ SENS  / JSENS SENSITIVITY LEVELS BOR EACH AIRCRAF?
%% 2. ¢ TCRAYY ¢ ATCRAT NUMBER OF TCAS I INTERRGGATIONS AT EACH
b 23« ¢ AIRCRAFT .
RN 24, (4

] 25« ¢

- 26, INCLUDE RESTART,LIST

) 1.1 PARAMETER (NUAIR = 328) .

¥§ 2.1 ¢

zh 3.1 ¢ THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE

R heI C STATEMENTS IN THE MODEL.

)c‘ Sel [4 1]

] 6e1 LOGICAL PRINT

Bt 7.1 OIMENSION TJIFILECNUAIR,8), TJFILECNUAIR,8), ICASFI(83,NUAIR,1)

8.1 COMMON /TCOATA/ T111(83), DENS(83),

. 9.1 ?  TATINCNUAIR), IATSUCNUAIR)» IDABNCNUATR), IDABS(NUAIR)

‘2 10.1 EQUIVALENCE (TJFILE,IJFILE)

& 11.1 COMMON /CAS/ ICASFI, TJFILE, NAC, 1L, PRINY

b 27. COMMON/ANTT/ANTTOP(19) ,ANTBOT(19) .
i 28. CONMON/ANTO/PASTOP(19),PASSOTL(19)

;* 29. COMMON/ SENS/ JSENSCNUAIR)

b 30. COMMON/BBBEAR/TLAT, TLON,RLAT,RLON/DE ST, BEARTX .

S M. COMMON/TCRATT/ATCRATCNUAIR)

. B 32. 00 10 NN = 1, NAC @ SELECT A TCAS I AIRCRAFT.
Y 1 33, IF (CIJFILECNN,4) oEQ.3)e0R. CTJFILECNN/4).EQ.0)) GO TO 10

1 34 TLAT = TIFILECNN, 1) , @ TCAS I LATITUDE (RADIANS)

4 . 1 35, TLON = TJIFILECNN,2) @ TCAS 1 LONGITUDE (RADIANS)
03 1 36, ALTIA = TJFILE(NN,3)/6076.0 8 TCAS 1 ALTITUDE (MILES)

Bel 1 37. ITYP = TJFILECNN,4)

1) 1 38, DO 11 TA = 1, NAC 8 PICK VICTIN A/C

| 2 39. IF (NN.EQ.IA) GO TO 19

I 2 40, RLAT = TJFILECIA,1) 8 VICTIN LATITUOE C(RADIANS)
i~ 2 1. RLON = TJFILECTA,2) 2 VICTIM LONGITUDE (RADIANS)
}ﬁl 2 42, ALT2A = TJIFILECIA,3)76076.0 @ VICTIM ALTITUDE (NILES)

“;i 2 43 CALL BEAR @ GET HORTZONTAL DISTANCE
R 2 bhe € SETWEEN AIRCRAEY

g% 2 45. 8C = (ALT1A ~ ALT2A) 9 VERTICAL SEPARATION (NMI)
: 2 46. CO = (SQRTC(DIST+DIST ¢ BC+8C)) 9 SLANT RANGE (NMI)

b‘\

!
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ate TCASY e

2 47. ARGA=(SC/DIST) '
2 48, . THEY = (ATANCARGA)) 57,296 8@ DETERMINE ANGLE BETWEEN
2 49. THETAY = ABSC(THET+90.)/10.) @ TCAS I AND VICTIN A/C
? 50. ITHT = THETAY ¢ 1 ' .
2 51 THETAZ = ABSC(THET=90.)/10.) .
2 52. ITH2 = THETA2 + 1
2 53. ¢ !
2 S;- C DEVERMINE GAIN OF ANTENNA.
2 $5. C
2 56. © GNY1 = ANTYOPCITHI) ¢ CCTHETAT ¢ 1) = FLOAT(ITHY))»
2 57. 1 CANTTOPCITHA4T) = ANTTOPCITHY))
2 58. GN2 = PASBOTCITH2) ¢ CCTHETA2 ¢ 1) = FLOAT(ITH2))e
2 59 1 (PASBOT(TITH2¢Y) -~ PASBOT(ITH2))
2 60. GN3 = ANILOTCITHT) ¢ CCTHETAY ¢ 1) = FLOATCITHI))e
2 é1. 1 CANTROTCITHI®E) = ANTOOT(ITH!))
2 62. GN& = PASTOPC(ITH2) + ((THETAZ ¢ 1) = FLOATCITH2))w
2 63 1 (PASTOPCITH241) = PASTOPCITH2))
2 64, GS = GNY
2 45. GV = N2
2 86. IF CCGNALCTLON2) JANDLCIJFILECIAL4)oNELD)) GV = GN4
2 67. GNCOUP = GS ¢ GY
2 68. LO0S = 36.58 ¢ 20.4AL0G10C1030.)¢20.4AL0G10CCO*1.15)#3,~60
2 69. PR = ~93.98 - LOS + GNCOUP -~ 3. 8 CONPUTE RECEIVED POMER
2 70. IF (PR.LT,ISENSCIA)) GO YO 11 8 IF POMER RECEIVED LESS THAN
2 7. ¢ SENSITIVITY, 00 NOT COUNT
2 72 ATCRATCIA) = ATCRAT(IA) ¢ 1 ® COUNTER ARRAY AT VICTINS DUE
2 73. € TO TCAS I INTERROGAYIONS.
2 T4 11 CONTINUE
) 7%. 10 CONTINUE
6. RETURN
7. END

END FYN 274 IBANK 87 DBANK 32067 COMMON
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e TCSMNT o ) E

@FTH,S ATCSMOT,ALTCSMOT
FIN 11R11R1IA 05/30785~13216¢27,)

e SUBROUTINE TCSHOT
. . ¢ -
3. L 5
4e € THE PURPOSE THIS SUBROUTINE IS TO PROOUCE VALUES FOR THE
S ¢ EMISSION POMERS AND INTERROGATIONS RATES SMOOTMED OVER A $16-SECOND
6 € TINE PERLOD.
- 7. ¢ .
a. [ GhhbAshbnbbons INPU!S ¥ DUY’U‘IS AARRAASORAANAAARAENAREAGANNACRAS
9. ¢
10. [+ COMMON BLOCKS / - VARIABLES
1. ¢ INPUTS  OUTPUTS DESCRIPTIONS
t2. ¢ :
135, ¢ ATE ! ORATE TOTAL INTERROGATIONS REC®D BY EACH ]
4. ¢ TCAS II M TRANSPONDER
15. ¢ CAS ! 11 TCAS II M IDENTVITY 1
! 6. ¢ ILMS /7 AWSP ADJUSTED TCAS II N TRANSMISSION POMER ;
7. ¢ SMOOTH / 1813 SMOOTHED ENISSION PONER
18, ¢ AVHSPN SMOOTHED TOTAL MODE S POWER ]
19. ¢ TCOATA /7 I11% TCAS 11 M POINTER EILE 3
0., ¢ TEMP /) ITINME ELAPSED TIME IN SINULATION E
21. C E
2. ¢ E
23. INCLUDE RESTART,LIST 3
1.1 PARANETER (NUAIR = 743) :
2.1 ¢ E
3.0 ¢ THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE :
4.1 C STATEMENTS IN THE MODEL. 4
.1 ¢ 4
é.1 LOGICAL POISMO,PINTLI,PTCSHT,PATHOD,PDISINGPFILES,PERUIT,PSTATS E
7.1 COMMON /PRYBL/ POISMO,PINTLI,PYCSHY,PATHOD,POTSINSPFILES, PERUIT, i
8.1 2 PSTATS 3
9.1 = 3
10.1 DIMENSION TJFILECNUAIR,8), IJEILECNUAIR,8), ICASEI(83,NUAIR,T) ]
1.1 COMMON /TCOATAZ I1111(33), DENS(H83), 4
12.1 7 IATINCNUAIR)» IATSUCNUAIR), XOABNCNUAIR), IDABSCNUAIR) 3
13.1 EQUIVALENCE (TJFILE,IJFILE) 3
14,1 COMMON /CAS/ ICASFls TJFILE, NAC, I1, PRINT b
4. INCLUDE ATE,LISY El
1.1 COMMON /ATE/ DRATE(B3)
25. INCLUDE TEMP,LISY
1.1 COMMON /TENP/ ITVIME E
26, INCLUDE SMOOTH,LISY 3
1.1 COMMON /SHOOTH/ NOWCB3), AVESPN(33),TIS(83) 3
27. INCLUDE ILNS,LISY g
1.1 COMMON /ILMS/ NMSL(83), ANSP(83), IRESET(83), ATSUNP(D183), E
241 2 IRETRN, TPOM :
. 28, INCLUOE TRAX,LISY E
294 L g
1.1 COMMON /TRAX/ JYRANS(NUAIR) B
;2. REAL INSTNT(0:15,83) RSUNMP(83) E
. L]
. 32, INDX = MODCITINE, 16) @ POINTER TO CURRENT STORAGE TIME: 0 ~ 1§ -
gz. TMSPY = DRATECIL) # AMSP(II) @ TOTAL MODE S POWER IN CURRENT SECONO :
. * ;
35. IFCITIME LLE. 15)THEN @ DON®T SMOOTH FOR 15T 15 SECONDS :
1 36, AVMSPNCITI) = THSPN g
1 37. TISCIT) = DRATECID) :
A
7 :
0}]
g:ﬁ
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nae TeSMot ane
1 33, ELSE
1 39 AVTIME = LTIME - 15 @ AVERAGING VIME
1 40, RSUMPCIL) = RSUNPCII) ¢ TMSPW ~ INSTNY(INOK,II) :
1 41, AVHSPHCLIT) = RSUMPCIIDZAVTINME N
1 62, TISCIT) = TISCII) ¢ ¢ ORATECILI) = VISCII) D/AVTINE
1 43, INSTNYCINOX,IX) = THSPW
1 &b END IF
45, RETURN
hé. END d

END FTN 115 IBANK 1447 DBANK 72173 CONKON
0GP aan TRANSP han
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one TRANSP var ) - }

QFTN,S B.TRANSP,TRANSP
FIN 11R% 02/727785-16235(13,)
1. SUBROUTINE TRANSP

2e C '

3. [ SET PONER AND SENSI?IVIYV CHARACTERISTICS DERIVED FROM ATC-9 FOI EACH 4
LTS 4 TYPE OF TRANSPONDER, ’
Se ¢

be c AARAARABACRNAN . INPUTS /7 OUTPUTS rehhthbthodag

Te ¢ COMMON 8LOCKS / VARTIABLES

8a (4 ' INPUTS ouTPUTS DESCRIPTION

9 c
10. c CAS / TJFILE. . TYPE QF EACH AIRCRAFY
11. c NAC - - NUMBER OF AIRCRAFT ]
12. c SENS 4 JSENS SENSITIVITY LEVEL OF EACH A/C
13. [ 4 TRAX / JTRANS TRANSMISSION POWER OF EACH A/C
14. [+ ¢
15. c 7
16, INCLUDE RESTART,LIST 3

1.1 PARANETER (NUAIR = 320)
2.1 €
3.1 ¢C THE LOGICAL VARIABLE 'llﬂfo uuen FALSE, WILL SUPPRESS ALL WRITE
4.1 € STATEMENTS IN THE NOOEL. .
S«1 € ;
6.1 LOGICAL PRINT v 3
7.1 DINENSION IJFILE(NUIIlcl)o IJFILECNUAIR,8), ICASFI(83,NUAIR, 1)
8.1 COMMON' /TCDATAZ 1111(83), DENS(83),
9.1 T IATINCNUAIR), IATSUCNUATIR), IDASN(NUAIR), IDABS(NUAIR)
10.1 EQUIVALENCE (TJFILE,IJFILE)
1.1 COMNON /CAS/ ICASFI, TJUFILE, NAC, Il, PRINT
17. COMNON/TRAX/JTRANS (NUAIR) ;
18. COMMON/SENS/JSENSINUAIRY 4
19. OIMENSION XNORNINUAIR)
20. OIMENSTION YNORM(NUAIR)
21, DIMENSION- XSENSINUAIR)- | s
22. OIMENSION YSENSCNUAIR)
23, c ‘
2. ¢ TRANSNISSION POWER: |
25. ¢ §
26. XNORM(1) = 16 398 53S
27. YNORM(1) = 16 398 3535 .
28. CALL RANONCXNORM/NUAIR,27.0, 1.5? 9 NODE S PONER--NOMINAL
29 € 1S 27; STANDARD :
30. [+ N DEVIATION IS feSe K
31. CALL RANON (YNORM, NUAIR, 29,2, 0.5) 8 TCAS POWER--NOMINAL IS i
32. ¢ 29.2- STANDARD
33. € DEVIATION IS 0O.5.
34, DO 17 IQ = 1, NAC o
1 35. IF C(IJFILE(XQ,4) .EQ. 00 THEN 9 DETERMINE ATCRSS J
2 36. CALL RANNCRAN) @ TRANSHKISSION POKER P
2 37. RAN = RAN * 100, ? USING PROBABILITY ]
2 38. IF (RAN oLE. 0.2) THEN @ DISTRIBUTION FROM ATC-9 3
3 39. 0IFF = 11, i
3 40. ELSE IF (RAN JLE. 0.4) THEN . 2
3 41. DIFF = 10. 3
3 42, ELSE IF (RAN .LE. 1.27) THEN £
3 43, DIFF = 9, E
3 hi, ELSE IF C(RAN LE. 1.92) THEN 3
3 45. OIFF = 8, . ;
3 4o, ELSE IF (RAN .LE. 3.00) THEN !
. B=-53

o T 53 e i ]
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(133 TRANSP LEL)
3 47, OIFF = 7, -
3 48. . ELSE IF (RAN .LE. 5.60) THEN . -
3 49. OIFF = 4,
3 50. ELSE IF (RAN .LE, 9.50) THEN R
3 51. DIFF = 5, .
3 52. ELSE IF (RAN LLE, 15.60) THEN .
3 53. DIFF = 4,
3 Sbe ELSE IF (RAN .LE., 25.40) THEN
3 55. DIFF = 3,
3 56 . ELSE IF (RAN .LE, 36.90) THEN
3 57. OIFF = 2,
3 58. ELSE IF (RAN .LE, 49.00) THEN
3 59. DIFF = 14,
3 60. ELSE IF (RAN .LE. 60.50) THEN
3 61, DIFF = Q.
3 62, ELSE IF (RAN oLE, T4 40) THEN
3 63. DIFF = =1,
3 64e ELSE IF (RAN .LE, 81.80) TMEN -
3 85, DIFE = =2, E
3 66. ELSE IF (RAN .LE. 90.70) THEN
3 67. OIFF = =3, i
3 48, ELSE IF (RAN oLE, 95.70) THEN
3 69. DIEF = =4,
3 70. ELSE IF (RAN .LE. 98.30) THEN
3 7. DIFF = -3,
3 T2. ELSE 1IF (RAN .LE, 99.38) THEN
3 73. . DIFF = =6,
3 The ELSE IF (RAN JLE. 99.78) THEN -
3 7S. OIFE = -7,
3 76. ELSE
3 17, DIFF = -8,
3 18, END IF
2 79, JTRANSC(IQ) = 500 GO0 » €0.7943 »« OIFF)
2 80, ELSE IF (TJFILECIQN4) .EQ, 1) THEN ® DETERMINE MOOE S 3
2 81, XCONVT = XNORM(1Q)/10. @ TRANSMISSION POMER :
2 82, XNORMCIQ) = (10, #« XCONVYT) » 1 000. {
2 a3. JTRANS(1Q) = XNGRMCIQ) ]
2 84, ELSE 8 DETERMINE TCAS II M E
2 85. YCONYT = YNORM(IQ) /7 10. 3 TRANSHISSION PONER :
2 86, YNORM(IQ) = (10, #»% YCONVT) * 1 000.
2 87. JYRANSCIQ) = YNORM(IQ) 5
2 88. END IF :
1 89. 17 CONTINUE .
1 90. c L
: 91. g SENSITIVITY CALCULATIONS :
92. :
93. XSENSC1) = 16 398 540 .
94, YSENS(1) = 16 398 540
95, CALL RANDN (XSENS, NUAIR, 77.60, 1.5) @ WODE S SENSITIVITYw= B
96. c NOMINAL: 77.60 i
97. [ STYANDARD DEVIATION: 1.5
98. CALL RANDN CYSENS, NUAIR, 77.50, 0.75) @ TCAS IT M SENSITIVITY=-~ E
99« 4 NOMINAL: 77.50
100. 4 STAN. DEVIATION: 0,75
101, 0a 12 I7 = 1, NAC
1 102. IF C(IJFILE(IZ,4) EQ. 0) THEN @ DETERMINE ATCRSS -
2 103. CALL RANN (RAN) @ SENSITIVITY
2 104, RAN = RAN « 100.
2 105. IF C(RAN .LEs 042) THEN
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ll. ‘
4
i
e
:’&'
0 ) . ;
!
!e‘ 8 hhh TRANS?P rhh
v 3 106, SENT = 48,
X 3 107. : ELSE IF (RAN LE. 0.4) THEN
At 3 108, SENT = 51,
s 3 109. ELSE IF (RAN .LE. 0.6) THEN : .
Sl 3 110. SENT = S2.
bl 3 1. ELSE IF (RAN JLE. 1.0) THEN
!.‘f‘ 3 112. SENT = 53,
. 3 13, ELSE IF C(RAN oLE. 1.43) THEN
3 114, SENT = Sk,
EEd 3 115, : ELSE IF (RAN JLE. 2.07) THEN
S 3 116, . SENT = 55, 3
5 3 17. ELSE IF (RAN LE. 2.28) THEN ;
A 2 119, ELSE IF (RAN <LEe 3479) THEN
pgé 3 120. SENT = S7.
*ﬁu 3 121, ELSE IF (RAN .LE. 4.00) THEN
= 3 122, SENT = S8,
= 3 123, ELSE IF (RAN JLE. 4o43) THEN i
[ 3 124, SENT = 59, :
gﬁﬂ 3 125, ELSE IF (RAN JLE. 5.29) THEN
ﬁ;% 3 126. SENT = 60.
Y 3 127, ELSE TF (RAN LE. 6.80) THEN 3
gy 3 128, SENT = 61, .
i 3 129, ELSE IF C(RAN LE. 8.52) THEN :
B 3 130. SENT = 62.
3 131, ELSE IF (RAN .LE, 10.89) THEN
3 132, SENT = 63,
3 133, ELSE IF (RAN .LE. 14.12) THEN
3 134, SENT = 64e L
3 135, ELSE IF (RAN .LE. 17.14) THEN ~
3 136, SENT = 65,
3 137, ELSE IF (RAN .LE. 19.94) THEN
3 138, SENTY = 66.
3 139. ELSE TF (RAN LE. 25.33) THEN
3 140, SENT = 47,
3 141, ELSE IF (RAN +LE. 31.80) THEN
3 142, SENT = &8,
3 143, ELSE IF (RAN LE. 39.14) THEN
3 144, SENT = 69,
3 145, ELSE TF (RAN .LE. 44.10) THEN
3 146, SENY = 70.
. 3 147, ELSE IF (RAN .LE. 51.22) THEN
3 148, SENT = 71, .
3 149, ELSE IF (RAN oLE. 57.26) THEN
3 150. SENT = 72,
3 151, ELSE IF C(RAN oLE. 65.03) THEN
3 152. SENT = 73, )
3 153, ELSE IF (RAN oLE. 69.78) THEN
3 154, SENT = 74,
L 3 155. ELSE IF (RAN  LE. 75.17) THEN
AN 3 156. SENT = 75,
i 3 157. ELSE IF (RAN oLE. 81.00) THEN :
ﬁf 3 158, SENT = 76. ; i
1§§ 3 159, ELSE IF (RAN oLE. 86.61) THEN i
N 3 160. SENT = T7. ;
%g“ 3 161, ELSE IF (RAN .LE. 90.06) THEN ¢
et 3 162. SENT = 78, ;
;?@ 3 163, ELSE IF (RAN JLE. 94.59) THEN -
;gg 3 164 SENT = 79, !
o
M
)
ge : B-55
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(12) TRANSP L1 4]
3 145. ELSE IF (RAN .LE. 95.38) THEN ]
3 1664 . SENT = 80. , ;
3 167. ELSE IF (RAN .LE. 98.03) THEW k
3 108, SENT = 81, : . L
3 169. ELSE IF CRAN .LE. 98.46) THEN 1
3 '70. SENY = 82. * E
3 171. ELSE XIF (RAN .LE. 98.89) THEN
3 123. ELSE IF (RAN .LE. 99.32) THEN . E
3 174. : SENY = 84,
3 175. ELSE
3 176. SENT = 87.
3 1777. END IF
2 178. SENT = SENY ¢ 3,
2 179. JSENS(ILZ) = ~SENT
2 180. ELSE LF (TJFILECIZ,4) oEQ. 1) THEN 8 OETERNINE MODE $ 7
2 181. 1SENS = ~XSENS(I2) 9 SENSITIVITY 5
2 182. IF (ZSENS .LT. -80.)2SENS = -80. :
2 183. IF C(ISENS oGT. =74.)ISENS = -T4.
2 184, JSENS(IZ) = ISENS
2 185. ELSE 8 DETERNINE TCAS E
2 186. ISENS = -YSENS(ID) 9 SENSITIVITY ]
? 187. 1F CISENS (LYo =79.) ISENS = =79, E
2 188. IF CLSENS oGT. =75.) ISENS = -75. E
2 189. JSENS(IZ) = ISENS E
2 190, END. IF . 1
1 191. 12 CONTINUE 4
192, RETURN
193. END ;
END FIN 547 IBANK 1508 DBANK 31985 COMNON , R
3
s
E
' E
3
1
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sen TSQULT ane

BFTN S ALTSQULT ALTSQULY
FIN 11R11R1A 05/730/35-15316(41,)

OF N, WHICH IS USED AS AN INDEX OF THE TCSYT AND ITLAST ARRAYS. :

1e SUBRUUTINL TSQUITC IPRGTS )
2. C
3. c THE PURPUSE OF THIS SUYROUTINE IS TO COUNT THE NUMBER OF TCAS II-N
- 4o [4 OETECTED BY SQUITTERS AND SEY THE SQUITTER START TIME.
5 c
be [A NRCNENRRRANCRRRARA RN AN AAR INPUYS /7 OUTPUTS CARARRAERAARRRSRRANARASY
7. c .
8. 4 COMMON BLOCKS / VARLABLES .
- 9 c INPUTS oUTPUTS DESCRIPTION .
10. 4
11. c ARG LIST / IPRGYS INDICATES WHETHER THE REC PON > SENSITI
12. [+ CAS / 11 TCAS II M TDENTITY
13. [4 SINT /K VICTIN AIRCRAFT IDENTITY i
14, [ SHOOTH / NOW NUMBER QF TC@S IT M DEVECTED 3
15. [ TCAA / NUMTCA NUMBER OF TCAS I1 N AIRCRAFT
16, [ TCOATA /7 I111 ., TCAS II M PDINTER FILE
17. [4 TEMP /7 ITIME ELAPSED TIME IN SXMULATION E
18, [ TPREPL 7 PREP PROBABILITY OF REPLY FOR EACH AIRCRAFTY B
19. 4 TRAN I ITLAST ITLASY  TCAS II M SQUITTER STARY TIME K
20, [4 TRAN / IACTYOT ' CONVERTS A/C 10 TO TCAS ID (II) i
21, 4 R
224 INCLUOE RESTARTLLISY 3
1.1 PARAMETER (NUAIR = 743) i
2.1 C 2
3.1 € THE LOGICAL VARIABLE PRINT, WHEN FALSEs, WILL SUPPRESS ALL WRITE -
b1 C STATEMENTS IN THE MOOEL. ’ k
5.! C 3
4.1 LOGICAL PODISMD,PINTLI,PTCSHMT,PATMOD,POLSINSPFILES,PFRULT, PSTATS E
7.1 COMMON /PRYBL/Z POLISMD,PINTLI,PYCSMT,PATMOO,PDISINSPFILES,PFRULT, E
8.1 2 PSTATS b
9.1 o
10.1 OIMENSION TUFILECNUAIR,3)s» TJFILECNUAIR,8), ICASFI(83,NUAIR,1)
1.1 CONMON /TCUATA/ I111(83), DENS(83),
12.1 ? TATINCNUALIR)» TATSUCNUAIR), IOABNCNUAIR)» IDABS(NUAIR) ;
13.1 EQUIVALENCE (TJFILELIJFILE) E
14,1 COMMON /CAS/ ICASFI» TJFILE, NAC, I1, PRINT B
23, INCLUUE TCAALLIST
1.1 COMMON /TCAA/ NUMTCA
24, INCLUDE TEMPLLIST 3
1.1 COMMON /TEMP/ ITIME ’ B
25, INCLUDE TRAN,LISY 4
1.1 COMMON /TRAN/ LTLAST(83,83),IACYOTC(NUAIR)
264 INCLUDE SMOOTHALIST .
1.1 COMMON /SMOOTH/ NOWCH3)s AVASPH(83),TIS(8Y)
27. INCLUDE SINT,LIST
1.1 : COMMON /SINT/ LPLUS, K., ITOB(100)
28. INCLUOF TPREPLALIST 3
1.1 COMMON /TPREPL/ PREP(NUAIR) !
- gg. DEFINE FLD(.sJsK) = BITS(K,241,0)
. 4
21. c COMPUTE WUMBER OF TCAS II M DEYECTED 8Y SQUITTER
r- c 4
53, e :
v 34, * K 1S THE I0 OF THE N°TH TCAS A/C. IT IS NECESSARY TO FIND THE VALUE 1
3
.

37. I10TCAS = IACTOT(K)

vl
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(L4 TSQUIY

3%. b
39.

&0

41, 16
2. «
43,

bhe

&S ¢
4ba
47.
48,
49,
50.
51
524
t
She
5%.
56.
57,
58.
39.
0.
61,
62.
63,
0ha
65
b6e
6.
68.
69.
70.
M.
72.
73
Téha
75
4,
7.

[ 2 2% 2

L 2R 2B 2% 2
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END FTN 222 IBANK
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(XX

IFC JOTCAS .GT. NUMTCA} NRITEC6,18)CITC,IVE1(ITC),
IACTOT(LI11CLTC) ) ITCaT, NUNTCA)
FORMAT(* TSQUITIIT X111 IACTOV®,S5(16,°=%+13,°=%,1I3) )

ITLSQ = FLO(1,10,ITLASTC(2I,I0TCAS) )
IFC 1YLS0 LEQ. 0) ITLSQ = NINTC RANDOM() * 9.) ¢ 1

I0ELY = ITIME ~ ITLSQ
INTRK = FLOCO,1,TTLAST(ILI,IDICAS) ) 3 IS VHE K® A/C .IN SQUITTER FILE

AT TINE = 1 SEC, LOAD ALL YCAS A/C THAY CAN BE DETECTEO 8Y THEIR SQUITTER
AND HAVE A SUFFICIENTLY HIGH PROP OF OETECTING THE SQUITTER

IFC TTIME LEQ. 1)THEN @ AT TIME=1, LDAD SQUIYTER FILE
CALL RANN(RAN)
IFC IPRGTS €Qc 1 oAND. PREP(K) oGTe RANITHEN § SQUITYER RECEIVED

IFCINTRK <EQe 0) MOM(IX) = NOW(XE) ¢ 1 @ NEW A/C IN SQIY FILE
FLOCO, 1, XTLASYCIL,ZOTCAS) ) = § @ ADD K*TH A/C T0 SQ P
END IF

AT TIMES > I SEC, CHECK TO SEE IF A TCAS A/C SHOULD RE ADDED OR DELETED FROM
THE SQUITTER FILE

ELSE IFC JOELY .GT. 20 +AND. INTRK .EQ. 1)THEN & > 20 SEC SINCE LAST RX $
NOWCIT) = NOMW(II) - 1 @ 1 LESS A/C IN SQUITTER FILE
FLO(OA 1o ITLAST(ITLIDTCAS) ) = 0 & DELETYE K'TH A/C FROM SQUIT FILE
ELSE IF( MOD(IDELT,10) <EQe OITHEN @ X°TH YCAS TX TIME
CALL RANN(RAN)
IFC IPRGTS <EQe 1 <AND. PREP(K) +GTe RANITHEN @ SQUITTER RECEIVED

IFCINTRK .EQe 0) NOW(ILI) = NOW(II) ¢ 1 @ NEW AZC IN SQIT FILE
FLOCO 1/ ITLASTCIL,Z0TCAS) ) = 1 @ ADD K°TH A/C TO SQ ¢
FLOCT,10,STLASTCII,IOTCAS) ) = ITINE 8 LASTEST SQ RX TIME
ENO IF
END IF

WRITECG6,16)IPRGTS,IT/IDTCASAITLSQ ZOELTALSQUIT, NONCIT)

RETURN
END

98 OBANK 79490 COMMON
TSTART (1]
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eee TSTART can
NFINSS ALTSTART,ALTSTARY }
FTN TIRTIRTA 05/30/85-13:16¢23,)
1. SUBROUTINE TSTART
2. ¢
- 3¢ € THIS SURROUTINE COUNTS THE NUMBER OF TCAS II M AIRCRAFT, SETS UP A
4o C POINTER FILE TO THEIR LOCATION IN THE GENERAL AIRCRAFT CHARACTERISTICS
Se ¢ FILE, AND SETS THE SQUIYTER PHASE FOR EACH TCAS II M AIRCRAFY.
s € .
7. 4 CRMRANRARANSEY INPUTS 7 QUTPUTS ARGERRNRRRRBEANRRANAS A
= 3. ¢
9. ¢ CONNON BLOCKS / VARIABLES
:2. 4 INPUTS  QUTPUTS DESCRIPYION
. C
12. ¢ CAS 1 TJIFILE TYPE OF EACH AIRCRAFY
13. ¢ NAC NUNBER OF AIRCRAFT
%e ¢ TCAA ? NUNTCA NUMBER OF TCAS IZ M AIRCRAFY
15. ¢ TCOATA  / 11 TCAS II M PDIWTER FILE
:;. 4 TRAN ’ {43 SQUITTER #HASE START TVIME
. c
18. ¢ :
19, INCLUOE RESTART,LIST ¥
11 PARAMETER (NUAIR = 743)
2.1 ¢
3.1 ¢ THE LOGICAL VARIABLE PRINT, WHEN FALSEs, WILL SUPPRESS ALL WRITE
4el C STATEMENTS IN THE MDDEL.
5.1 €
6.1 LOGICAL PDISHO,PINTLI,PTCSMT,PATMOD,POISINSPFILES,PFRUIT,PSTATS E
7.1 COMMON ##RTBL/ PDISHO,PINTLI,PTCSHT,PATROD,POISINSPFILES, PFRULT,
8.1 2 PSTATS
9.1 = E
10.¢ OIMENSION TJFILECNUAIR,B8), TJFILECNUAIR,8),» ICASFI(83,NUAIR/Y) 3
11.2 COMMON /TCOATAZ I111(83), DENS(83), ;
12.1 T IATINCNUAIR), IATSUCNUATR), IOABN(NUAIR), IDABS(NUALR) .
13.1 EQUIVALENCE (TJFILE,LIJFILE) E
14.1 COMMON /CAS/ ICASFI, TUFILE, NAC, 11, PRINT 1
20. INCLUDE TCAALLIST E
1.1 COMMON /TCAA/J NUMTCA :
21, INCLUDE TRAN,LIST
1.1 COMMON /TRAN/ ITLAST(83,83),IACTOT(NUAIR)
224 DEFINE FLDCI,JrK) = BITS(K,I¢1,0) : .
23, D0 300 I = 1, NAC @ CONPUTE NUMBER OF TCAS IIR
1 24, IF (IJFILECI,4)4NEL3) GO TO 300
1 25, NUMTCA = NUMTCA ¢ 1 @ COUNT YCAS IIm a/C
1 26, IT11(NUMTCA) = T ) @ SET UP POINTVER TO LOCATION OF
} g:. ¢ IACTOT(I) = NUNTCA . g @ TCAS IIMN IN AJC CHAR. FILE
*
1 29 300 CONTINUE -
30. RETURN - : ;
31e END

END FYN 57 IBANK 25 DBANK 78395 COMMON
SHOG,P  &in WSPOWE (11}
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FTN,S B.HSPONE,WSPOWE

FIN 1109
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Appendix B’

ARRAYS THE POMER

ASSOCIATED FOR EACH LEVEL OF WHISPER SHOUT FOR THE TOP AND

INPUTS /7 OUTPUTS

ARCAARANSANRD

OESCRIPTION

¥-$ LEVELS FOR TOP BACK ANTENNA
M-S LEVELS FOR BOTTOM ANTENNA
=S LEVELS FOR TOP FRONT ANTENNA
N-S LEVELS FOR SIDE ANTENNAS

EACH WHISPER SHOUT STEP CHECKED FOR TOTAL RADIATED POWER

CONMON/NSHOUT/TPREC24) , IPRSCL0) »TPRBCTISILIPROOT (L) TPONF(24),

TCAS ITh TOP~FRONT ANTENNA
(24 LEVELS)

POMER LEVELS RANGE FRONM
49 D8N YO 26 DBM

TCAS IINM LEFT 3 RIGHTY SIDE
20 LEVELS PER SIDE

POMER LEVELS RANGE FROM
45 TO 26 O8N

LK N B

TCAS ITM BACK (15 LEVELS)
PONER LEVELS RANGE FRON
40 TO 26 O%M

TCAS IIN 8OTTOM €4 LEVELS)
POMER LEVELS RANGE FROM
36 10 30 O8M

WSPONE LA
02/27785-16:36(23,)

1. SUBROUTINE NSPOWE

2. 4 '

3. 4 THE PURPOSE OF THIS SUBROUTINE IS TO LOAD INTO
‘. c

Se c BOTTON ANTENNA,

6. C

Te 4 ARBOARBAANSRA

8. 4 ‘

9. c CONMON BLOCKS 7/ VARIABLES
10. c INPUT auTPUY
1. €
12. c WiHOUTY 4 Ir0N8
13. C IPQUB0
14 (4 IPONF
15. (€ IPONS
16. €
7. ¢
18. (4 OF TCAS IIM-ATCRES EMMISSIONS.
9. ¢
20.
21, TIP0NS(4Y) , IPONBC15),IPONBOCA)
2. €
%3. 4 LOAD POMER FOR EACH WHISPER SHOUT LEVEL.
e €
25, 1o%0P = 0
26. IPEAK = 49
27. D0 3002 K = 1, 24
28. IPOWF(K) = IPEAK ~ IDROPe1
29. TORCP = IDRGP ¢ 1 ‘
30. EACT = (XPONF(K) ~ 30.)/10.
3. PONFR = POWER ¢ (10,##FACT)
32. 3002 CONTINUE
33. IorQP = O
34 IPEAK = 45
35. 00 3003 K = 1, 40, 2
36, IPONS(K) = TPEAK - IOROPe]
37. IPONS(K+1) = IPOWS(K)
38. IORCP = IOROP ¢+ 1
39. FACT = (IPOUS(XK) - 30.)/10.
40. PONSD = POWSD ¢ (10,++FACT)
4. 3003 CONTINUE
42, 1DRQP = 0
43, IPEAK = 40
hbo 00 3004 K = 3, 15
45. TPONB(K) = IPEAK = IDROP#1,
hé. ORGP = IDROP ¢ 1
47, FACT = (IpOWB(K) = 30.)/10.
48, POWBK = POMBK ¢ (10.#2FACT)
69, 3004 CONTINUE
50. I0rROP = O
51 IPEAK = 36

524 00 3005 K = §, 4

53 IPOWBOCK) = IPEAK ~ JDROP#2,
54. T0R0P = YORCP + 1

554 EACT = (IPCWBO(K) ~ 30.)/10.
56 POWBOT = PORBOT ¢ (10,%+FACT)
57« 3005 CONTINUE
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= ————— - ———

/
113 MSPOME [YXY
1 58, 4 .
1 59. c CALCULAYE TOTAL ATCRBS INTERROGATION CONTRIBUTION FOR TOP & BOTYONM
1 60, (4 ANTENNAS,
1 61, c ' e
- 624 PTOT = POWFR ¢ POWSD ¢ PONBK ¢ PONBOT
63, RETURN
64, END

END FTN 176 IBANK 45 DBANK 167 COMMON

B-61/B-62
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DOT/FAA/PM-85/22 " Appehdix C

APPENDIX C
SAMPLE EXECUTION \ :

The control cards that execute the TCAS SEM follow. Each record begins

in column 1 and is spaced as shown.

@RUN, /RTP (JRID), (CHARGE#), (USER),30,1000
@ASG,AX FAA*TCAS/U.

@ASG,A FAA*INRATE/U.

@USE 8.,FAA*INRATE/U.

@ASG,A FAA*OUTRTS/U.

@QUSE 10.,FAA*QUTRTS/U.

@ASG,A FAA*BASIN1/U.

@XQT FAA*TCAS/U.RUN. ]
_@ADD FAA*BASIN1/U.
@FIN " :
Qe ]

The files named in the above records are defined in TABLE C-1. The output 3
file to be used in the DABS/ATCRBS/AIMS PPM contains the information shown in :
TABLE C-2,

et
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DOT/FAA/P-85/22 Appendix C
TABLE C-1
FILES USED IN THE TCAS SEM
File Name Description
INRATE Input file of Interrogation and Suppression
Rates at each aircraft due to ground ATC from
DABS/ATCRBS/AIMS PPM -
OUTRTS TCAS Signal Rates to be used in the
DABS/ATCRBS/AIMS PPM .
BASIN1 Deployment Information: latitude,
longitude, altitude, type, and
velocity of each aircraft
TABLE C-2
KEY TO COLUMNS OF TCAS SEM OUTPUT
Column Description

Aircraft Identity

Mode S Misaddresses

Mode S Suppressions

Modes S Interrogations

ATCRBS Suppressions

ATCRBS Interrogations

TCAS II M Deadtime

TCAS I Interyogations

Index ID of aircraft in the deployment file

Number of Mode S misaddressed interrogations received
above sensitivity

Number of ATCRBS suppressions received above
sensitivity at Mode S transponder-equipped aircraft

Number of ATCRBS interrogations received above
sensitivity at Mode S transponder-equipped aircraft

Number of ATCRBS interrogations received above .
sensitivity at ATCRBS transponder-equipped aircraft 4

Number of ATCRBS interrogations received above
sensitivity at ATCRBS transponder-equipped aircraft

Mutual-suppression time (in us) of each TCAS II M i
receiver 3

Number of TCAS I interrogations received above
sensitivity at ATCRBS and Mode S-equipped aircraft

"",i v ’t‘j‘ %AX: “i&_{‘({-"?),'%&&? “: ,T': N he “"‘!" TQN.".Q".V"‘. L R i e T TS T ATt L S SRt P LR ) .
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